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HAMILTON HARBOUR WATER MOVEMENTS 

FOREWORD 

This report is a part of the ongoing multi -disciplinary study of the 
Hamilton Harbour which corrmenced in 1972. This report will form a 
section of the proposed Hamilton Harbour Study 1977, to be published 
early 1980. 

Previous studies of water movement have been published in earlier 
Hamilton Harbour Study Reports 1974 to 1976. 
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HAMILTON HARBOUR WATER MOVEMENTS 
SUMMARY 

Physical processes of Hamilton Harbour were studied during 1976 and 
1977 by operating self-recording current instruments at a mid- 
harbour location and in the Burlington and Desjardins Canals. In 
the harbour, the resultant currents varied from 0.7 to 1.8 cm.s" 1 ; 
in Burlington Canal, they ranged between 0.6 and 13.4 cm.s" and 
in Desjardins Canal, they were from 3.3 to 8.1 cm.s . Both the 
connecting canals exhibited faster currents compared to the mid- 
harbour and lake coastal regions, probably due to the constriction 
of the canals. 

Flows through the two canals were estimated in both directions from 
measured currents. The exchange through Burlington Canal was an 
order of magnitude larger than through Desjardins Canal. Net flow 
through Burlington Canal was 0.2 to 1.4% of the harbour volume per 
day, towards Lake Ontario. Net flow through Desjardins Canal varied 
from 0.07 to 0.15% of the harbour volume per day, towards the 
harbour. 

The spectral analysis of the currents at the mid-harbour showed 
diurnal and semi-diurnal periods and the effects of Lake Ontario. 
The analysis for the two canal locations indicated predominant tidal 
effects as well as the first two oscillation modes of Lake Ontario. 
At Burlington Canal, significant coherences were observed from 2 to 
30 h between different layers from June to August 1976, including 
vertical homogeneity of currents and water temperature in the 
canal. Such a vertical homogeneity in other years may or may not 
exist. 

The mean water temperatures in the harbour ranged from 17.6 to 
19.2 C during summer 1976. Burlington Canal mean water 
temperatures ranged from 6.6 to 20.9°C, June to November 1976-77. 
A weak stratification of the Canal was observed during summer 1976, 
followed by no stratification from October to November 1976. The 
mean water temperatures in Desjardin Canal varied from 4.5 to 
20.8°C from May to November 1976. 



HAMILTON HARBOUR WATER MOVEMENTS 

INTRODUCTION 

Hamilton Harbour is a natural harbour located in the northwest 
corner of Lake Ontario. It contains 280 x 10 m of fresh water 
and has a mean depth of 13 m. The harbour is connected to Lake 
Ontario by Burlington Canal and to Cootes Paradise by Desjardins 
Canal (see Figure 1). The port is yery important to the heavy 
industries on southern shores. The industry uses and recirculates 

27 m . s (0.8% of harbour volume per day) of harbour water. 

3 -1 
Several creeks discharge 4.1 m . s of water to the harbour 

3 -1 
while the municipal sewage outfalls add 3.2 m . s " of treated 

effluents. 

The Ontario Ministry of the Environment (MOE) has been concerned 
with the water quality of the harbour how the biological, chemical 
and physical processes and their complex interactions affect it 
(MOE, 1974, 1975 and 1977). During summer of each year, hypolimnion 
waters experience oxygen depletion. Polak and Haffner (1978) 
concluded that the exchange of water between the harbour and the 
lake provide the much needed dissolved oxygen to the harbour. 
Lake-harbour exchange was estimated to be 1% of the harbour volume 
per day while the net flow towards the lake was 0.5% of the harbour 
volume per day during September 1975 (Kohl i , 1979). 

This report discusses the results of the 1976-77 current meter 
operations in the harbour, Burlington and Desjardins Canals, 
including lake-harbour and harbour-Cootes Paradise exchange and the 
physical processes responsible for the currents and is a 
continuation of the series of reports on Hamilton Harbour physical 
data (MOE, 1974, 1975 and 1977; Kohli, 1978 and 1979). 

Table 1 presents the current meter operations in Hamilton Harbour, 
Burlington and Desjardins Canals during 1976-77. All current meter 
sites are shown in Figures 1 to 4 and 7. Locations 1117, 1116, 1101 
and 1102 were on the same tower in Burlington Canal at different 



depths (see Table 1). All instruments were operated in the 
epilimnion, except 1102 which was in the hypolimnion. All data 
collected were numerically smoothed (see Appendix 1) and then 
partitioned into monthly data sets (records). Statistical analyses 
of water movements and temperatures were performed to determine the 
spatial and temporal characteristics. Currents at the Burlington 
Canal locations were examined to compute the lake harbour exchange 
using the excursion episode method (Kohli, 1979). Estimates of the 
flow through Desjardins Canal were made using average currents and 
the approximate cross-sectional area of the canal. 

RESULTS 

CURRENTS 

Hamilton Harbour 

Figure 1 shows the resultant southerly direction of currents during 
the stratified summer months of June to August 1976-77. Similar 
observations were made during August and September 1975 (Kohli, 
1978). The resultant currents at the mid-harbour location (1104) 
varied from 0.7 to 1.8 cm.s ' while the arithmetic average speed 
ranged from 1.7 to 4.8 cm.s" (see Table 2). The maximum speed 
recorded at this location during 1976-77 summers was 28 cm.s" . 
The persistence factor varied from 0.11 to 0.40 during this study. 
The results of the present investigation compared favourably with 
the previous stuay (Kohli, 1978). 

Burlington Cana 

Table 3 and Figures 2-4 present the summary of currents in 
Burlington Canal during 1976 and 1977. Figures 2 and 3 indicate 
that the resultant currents at the top two locations, 1117 and 1116 
(8.5 m and 7.5 m from bottom) were towards the lake for the entire 
period of study. However at 1101, 6.1 m from the bottom, the 
resultant currents were toward the lake from June to November 1976, 
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but they were toward the harbour from May to July 1977 (see Figure 
4). The direction of net currents at 2.1 m from the bottom (the 
lowest location 1102), was towards the canal wall during June and 
July 1976. At this site (1102), the recorded currents were 
integrated over 10 minutes and were less than 2 cm.s" for 
approximately 96% of the time during June and July 1976 (see Tables 
1.25 and 1.26 in Appendix 1). Therefore, most of the recorded 
speeds were actually less than the threshold speed of the Plessey 
Current Meters (3 cm.s ). When the current speed is less than 
the instrument threshold speed, the direction vane can assume any 
random position and the direction recording becomes meaningless. 
Therefore, the computed resultant current direction towards the 
canal wall, in this case, was meaningless. Thus it may be concluded 
that the net currents in the canal are predominantly towards the 
lake. 



At location 1117 (8.5 m from bottom) the resultant currents ranged 
from 0.9 to 13.4 cm.s \ while the arithmetic average speed varied 
from 7.6 to 16.7 cm.s " (see Table 3). The maximum speed recorded 
during the study ranged from 25 to 83 cm.s" . At location 1116 
(7.5 m from bottom), the resultant currents varied from 2.3 to 6.8 
cm.s"' while the arithmetic average speed ranged from 7.8 to 14.7 
cm.s (see Table 3). The maximum speed recorded during the study 
varied from 48 to 129 cm.s" . The resultant current at 6.1 m from 
the bottom (location 1101) varied from 0.6 to 7.6 cm.s" , while 
the arithmetic average speed ranged from 6.9 to 14.1 cm.s" (see 
Table 3). The maximum speed recorded at this level was between 44 
and 126 cm.s" . The resultant speed at the 2.1 m from the bottom 
(location 1102) was 0.5 cm.s"'" during June and July 1976. The 
arithmetic average speed during June 1976 was 0.6 cm.s" and 
during July 1976, it was 0.7 cm.s" . The level being closer to 
the bottom registered the slowest currents in the canal. More 
specifically, the currents here were negli gable for 49% of the time 
and less than 2 cm.s ' for 95% of the time during June 1976. In 
July 1976, the currents were negli gable for 30% of the time and less 
than 1 cm.s L for 70% of the time. The maximum speed recorded was 
25 cm.s " during June 1976 and 3 cm.s during July 1976. In 
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view of the very small currents (less than the instrument threshold 
speed of 3.0 cm. s*') persisting over longer periods of time, the 
results of the lowest location (1102) may be used but with due 
caution. 

The results of the top three current meters (1117, 1116 and 1101) 
are comparable to the earlier study (Kohl i , 1978). The resultant 
currents of 0.6 to 13.4 cm.s" (present study) compare well with 
1.1 to 15.2 cm.s" during 1972 to 1975 (Kohli, 1978). The maximum 
speed recorded during the present study was 129 cm.s"' which 
compares well with the 144 cm.s"" of the previous study. These 
faster currents in the canal may be attributed to the canal 
constriction (van de Kreeke, 1976) and the Helmholtz mode of the 
harbour (Freeman, Hamblin and Murthy, 1974). 

Careful examination of the current statistics of Burlington Canal 
(see Table 3) shows that the magnitude of the resultant current, as 
well as the arithmetic average speed, decreases with depth. Figures 
2, 3 and 4 show that the resultant currents in Burlington Canal were 
generally towards the lake at all three levels, except during May to 
July 1977 at location 1101 (see Figure 4), when the resultant 
currents were going towards the harbour. This shift in direction of 
the resultant currents at 1101 and the presence of a layered flow 
system in Burlington Canal during summer 1977, in contrast to the 
unidirectional flow during the summer 1976, was confirmed by the 
mean water temperatures (see Figure 5). A sharp temperature drop of 
8-9 C was observed between locations 1116 and 1101 during summer 
1977 while the temperature drop between the same locations and 
during the same period of 1976 was 1-2°C. 

Flows through Burlington Canal were computed by the excursion- 
episode method (Kohli, 1979) and the results for the period June to 
November 1976, are presented in Table 4. As expected, the net 
exchange was towards the lake. The total exchange varied from 1.1 
to i.6% of the harbour volume per day, while the net exchange 
towards the lake ranged from 0.2 to 1.4% of the harbour volume per 
day (see Figure 6). These results compare well with the previous 
estimates when the total exchange was 1.0% of the harbour volume per 
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day, while the net exchange towards the lake was 0.5% of the harbour 
volume per day (Kohl i , 1979) during September 1975. Harris et al 
(1979) computed the average mass exchange through Burlington Canal, 
based on the mass balance of total dissolved solids in the harbour 
over a year. Their results are compared with the present study and 
Kohli (1979) in Table 5. Harris' calculations assume the harbour to 
be in steady state over a year - an unreasonable assumption in an 
otherwise dynamic harbour. Table 5 shows that Harris 1 flow 
estimates towards the lake and the harbour are 2 and 7 times larger 
than the excursion-episode estimates, but their net flow estimates 
toward the lake are 40% of those by the excursion-episode method. 
As the excursion-episode method computes the flows from direct 
measurements in the canal, taking account of the periodic transport, 
it is considered a better method. 

Desjardins Canal 

Desjardins Canal is located at the western end of Hamilton Harbour 
(see Figures 1 and 7), connecting the harbour to the Cootes 
Paradise. A single current meter at the mid-depth (location 1109) 
operated under the railway bridge, from 27 May to 24 November 1979. 
Only one instrument could be installed on a tower, due to the 
shallow depth of 3.7 m. A summary of current statistics is 
presented in Table 6. The resultant currents varied from 3.3. to 
8.1 cm.s , while the arithmetic average speed ranged from 9.8 to 
24.2 cm.s . The maximum speed recorded was 88 cm.s" . The 
faster currents in the canal may be attributed to the constriction 
(van de Kreeke, 1976). 

Based on the average current speed towards the Harbour and Cootes 
Paradise, with the corresponding percentages of occurence, the flow 
in both directions was computed for the period May to November, 
1976. As such estimates are 2 to 3 times larger than the 
excursion-episode method (Kohli, 1978), a correction factor of 2.5 
has been applied to obtain the more realistic estimates of the flow 
presented in Table 7. The total exchange through the canal varied 
from 0.07 to 0.15% of the harbour volume per day (see Figure 8), 
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while the net exchange was 0.02 to 0.05% of the harbour volume per 
day (average net flow of 1.11 m^s" 1 ), towards the harbour. The 
exchange through the Burlington Canal is an order of magnitude 
larger than through the Desjardins Canal. Spencer Creek discharges 
an average of 0.81 m .s" from June to November (1961-75), while 
the Dundas STP discharges an average of 0.12 m 3 .s _1 into Cootes 
Paradise (Semkin et al , 1976). Thus, Spencer Creek and Dundas STP, 
together add 0.93 m .s"" to Cootes Paradise while the net 
average outflow from Cootes Paradise to Hamilton Harbour was com- 
puted as 1.11 m .s" . The small difference of 0.18 m 3 s." 1 
may be attributed to other smaller creeks flowing into Cootes 
Paradise, ground water or precipitation. 

AUT0SPECTRA 
Hamilton Harbour 

Table 8 presents a summary of the major spectral periods observed at 
the mid-harbour location (1104). Diurnal (24.0 h) and semi-diurnal 
(12.0 h) periodic motions were observed in the east-west directions 
during July 1976. Semi-diurnal oscillations were also observed 
along the north-south direction during June 1976 and July 1977. 
These are associated with the lunar tidal motions. The 17.1 h 
(August 1976) and 20.0 h (June 1977) periods along the north-south 
direction were due to the lake-wide seiche. In June 1977, along the 
east-west direction, 3.6 and 4.6 h periods were significant and 
these may be due to the lower modes of free oscillations of Lake 
Ontario (RockweH, 1976). The effects of Lake Ontario are therefore 
observed in the harbour. 

Burlington Canal 

A summary of significant spectral periods in Burlington Canal is 
presented in Table 9. The 12.0, 5.2 and 3.2 h were the most 
predominant Deriodicities observed at locations 1117, 1116 and 1101 
for all monthly data sets and in both major directions. The semi- 
diurnal periodicities may be due to the tidal motions. The 5.2 h 
and 3.2 h are the first and second modes of free oscillations of 
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Lake Ontario (Rao and Schwab, 1974 and Palmer and Poulton, 1976). 
At the bottom location 1102 in Burlington Canal, longer periods of 
24.0, 20.0 and 10.9 h were observed. The periodicities of the 
Burlington Canal indicate that the currents are largely affected by 
tidal motions and first and second modes of free oscillations of 
Lake Ontario. 

Summary of 95% significant coherences is presented in Table 10 for 
Burlington Canal water movements and temperatures at 3 levels 
(locations 1101, 1116 and 1117) during June to August 1976. 
Significant coherences between current speed and water temperatures 
at the same location were generally present between 2.0 and 17.1 h. 
Current speed between two locations exhibited coherences from 12.0 
to 30.0 h. Coherence for water temperature between two levels 
ranged from 2.3 to 24.0 h. These significant coherences between 
water currents and temperatures at any two levels indicate the 
vertical cross-correlations of currents and temperature in 
Burlington Canal during June to August 1976. It is not known if 
such vertical homogeneity of currents and water temperature existed 
during the same period of other years. 

Desjardins Canal 

Table 11 summarizes the major spectral periods in Desjardins Canal 
from June to November 1976. The most commonly occurring periodi- 
cities in this canal are 12.0, 5.2 and 3.2 h. The 12.0 h period is 
due to the tidal motions. The other two periods are the first and 
second modes of free oscillations of Lake Ontario. In November 
1976, a 13.3 h period was observed along the channel direction; this 
may be due to the lake-wide seiches. 

It is interesting to note that the Burlington and Desjardins Canals 
have similar periodic motions, namely the tidal motions and the 
first two modes of free oscillations of Lake Ontario. Therefore, 
the water movements in the two canals were caused by the same 
phenomena. 
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WATER TEMPERATURE 
Hamilton Harbour 



At the mid-harbour location (1104), water temperatures were measured 
from June to August 1976. The mean water temperatures varied from 
17.6 to 19.2 C, progressively increasing from June to August (see 
Table 12). The standard deviation of the temperature decreased from 
1.1 C in June to 0.6 C in August 1976. The minimum recorded 
temperature during a month increased from 14.3 to 16.7 C, while 
the maximum recorded temperature during a month remained almost 
constant at 20 C. 



Burlington Canal 



Table 13 presents the frequency of occurrence of water temperatures 
in Burlington Canal during 1976-77. At the top location 1117, mean 
temperatures varied from 6.6 to 20.9°C with standard deviations 
ranging between 1.4 and 2.4°C from June to November 1976. At the 
next location down (1116), from May to August 1976 and 1977, the 
mean temperature ranged between 15.2 and 19.7°C, with the standard 
deviations from 1.4 to 2.3 C. The mean temperature varied from 

6.6 to 19.3 C, with the standard deviation ranging from 1.2 to 

2.7 C at the mooring 1101, from May to November 1976-77. During 
June and July 1976, at the lowest site 1101, the mean water 
temperatures were 11.0 and 9.7°C, with standard deviations of 2.4 
and 2.9 C respectively. Figure 5 presents the mean temperature 
graphs for June and July of 1976 and 1977, at 3 levels. The figure 
shows a very sharp decline in mean temperature with depth during 
1977, compared to the 1976 curve. 



Desjardins Canal 



Mean water temperature in Desjardins Canal from May to November 76 
varied from 4.5 to 20.8 C (see Table 14), while the standard 
deviations ranged from 1.0 to 3.5 C. The maximum temperature 
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recorded in the canal was 26.9 C during the study period. As the 
canal is generally shallow, with a maximum depth of 3.7 m, 
isothermal conditions are expected to prevail. No bathythermographs 
were taken to support the assumption of isothermal regime. 

CONCLUSIONS 

The currents at the mid-harbour location during 1976-77 were similar 
to those observed during 1975. The resultant currents varied from 
0.7 to 1.8 cm.s while the arithmetic average speed ranged from 
1.7 to 4.8 cm.s . In Burlington Canal, the resultant currents 
varied from 0.6 to 13.4 cm.s" , while the arithmetic average speed 
ranged between 6.9 and 16.7 cm.s . The maximum speed recorded in 
Burlington Canal during 1976-77 was 129 cm.s" . During 1976 the 
resultant currents in Desjardins Canal varied from 3.3 to 8.1 
cm.s" , while the arithmetic average speed ranged between 9.8 and 
24.2 cm.s" . Both canals exhibited relatively faster currents 
compared to mid-harbour and lake coastal currents, probably due to 
the constrictions. 



Net flow through Burlington Canal was estimated as 0.2 to 1.4% of 
the harbour volume per day, while the total exchange through the 
canal ranged from 1.2 to 1.6% of the harbour volume per day. Net 
flow through Desjardins Canal to Hamilton Harbour was estimated as 
0.02 to 0.05% of the harbour volume per day, while the total 
exchange through the canal varied from 0.07 to 0.15% of the harbour 
volume per day. The exchange through the Burlington Canal was an 
order of magnitude larger than through Desjardins Canal. 

Diurnal and semi-diurnal motions were observed at the mid-harbour 
location. Lake-wide seiches and modes of free oscillations of Lake 
Ontario were also present, indicating the influence of Lake Ontario 
at the harbour location. Both Burlington and Desjardins Canals 
exhibited the semi-diurnal periodicities, as well as the first two 
modes of free oscillations of Lake Ontario. Thus, the tidal motions 
and lake effects appear to influence the water movements in the two 
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canals. Significant coherences were observed from 2 to 30 h between 
different levels in Burlington Canal during June to August 1976, 
indicating vertical cross-correlations of currents and water 
temperatures in the canal. 

Mean water temperatures in Hamilton Harbour varied from 17.6 to 
19.2 C during June to August 1976. The maximum temperature 
recorded at this location was 20 C. In Burlington Canal, the mean 
water temperatures varied from 6.6 to 20.9°C from June to November 
1976-77 with the standard deviations of 1.2 to 2.7°C. The Canal 
had a week stratification during summer 1976. No stratification was 
observed in the canal from October to November 1976. In Desjardins 
Canal, from May to November 1976, the mean temperature varied from 
4.5 to 20.8 C, while the standard deviations ranged from 1.0 to 
3.5 C. Isothermal regime was assumed in the canal. 
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TABLE 1: 



Current Instrument Operations in Burlington and Desjardins Canals 
and Hamilton Harbour, Lake Ontario 1976-77 



I 



Location 


Location 
Code 


Instrument 


Instrument 

from Bottom 

(m) 


Total Water 
Depth 
(m) 


Period of 


, 

Operation 


Type 


No. 


From 


To 


Burlington 
Canal 


1117 


P* 

P 

P 


239 
239 

164 


8.5 
8.5 
8.5 


9.4 

9.4 
9.4 


3 Jun 76 

2 Oct 76 

31 May 77 


23 Aug 76 
25 Nov 76 
20 Jul 77 


Burlington 
Canal 


1116 


P 
P 
P 


189 
144 
206 


7.5 
7.5 
7.5 


9.4 
9.4 
9.4 


3 Jun 76 

1 Oct 76 

28 May 77 


23 Aug 77 
25 Nov 77 
22 Jul 77 


Burlington 
Canal 


1101 


P 
P 
P 


206 
206 
239 


6.1 
6.1 
6.1 


9.4 
9.4 
9.4 


3 Jun 76 

1 Oct 76 

28 May 77 


23 Aug 76 
25 Nov 76 
22 Jul 77 


Burlington 
Canal 


1102 


P 


207 


2.1 


9.4 


3 Jun 76 


10 Jul 76 


Hamilton 
Harbour 


1104 


G** 
G 


038 
278 


16.3 
16.3 


22.9 
22.9 


9 Jun 76 
28 May 77 


23 Aug 76 
27 Aug 77 


Desjardins 
Canal 


1109 


G 
G 


039 
025 


1.9 
1.9 


3.7 
3.7 


27 May 76 
4 Sep 76 


23 Aug 76 

24 Nov 76 



* Plessey 
** Geodyne 



TABLE 2: Statistical Summary of Current Meter Operations 
Hamilton Harbour, Lake Ontario, 1976-77 

LOCATION CODE 1104 



i 





Jun 76 


Jul 76 


Aug 76 


May 77 


Jun 77 


Jul 77 


Auq 77 


Resultant direction coming 
from 0° as North 


24 


5 


338 


52 


357 


319 


345 


Resultant speed (cm.s~l) 


0.87 


1.77 


1.26 


0.27 


0.67 


0.72 


0.78 


Average speed (cm.s"l) 


4.82 


4.60 


3.73 


2.38 


1.67 


2.05 


2.35 


Maximum speed (cm.s~l) 


15 


16 


10 


11 


9 


28 


18 


Persistence factor 


0.18 


0.38 


0.34 


0.11 


0.40 


0.35 


0.33 


Percentage of negligible* speed 
(% of recording period) 











17 


25 


17 


11 


Percentage of time going in 
direction of resultant 


13 


19 


21 


11 


23 


21 


15 


Total number of readings 


3168 


4463 


3241 


576 


4320 


4464 


3785 


Interval of readings (min) 


10 


10 


10 


10 


10 


10 


10 



*< 0.30 cm.s" 1 



TABLE 3: Statistical Summary of Current Meter Operations 
Burlington Canal , Lake Ontario, 1976-77 

LOCATION CODE 1117 



i 





Jun 76 


Jul 76 


Aug 76 


Oct 76 


Nov 76 


May 77 


Jun 77 


Jul 77 


Resultant direction coming 
from 0° as North 


257 


258 


261 


255 


220 


255 


259 


257 


Resultant speed (cm.s - *) 


8.63 


11.58 


6.77 


4.85 


0.93 


5.11 


10.91 


13.38 


Average speed (cm.s - *) 


13.45 


13.69 


10.29 


12.03 


9.83 


7.62 


13.35 


16.72 


Maximum speed (cm.s~l) 


83 


54 


48 


75 


49 


25 


68 


71 


Persistence factor 


0.64 


0.85 


0.66 


0.40 


0.09 


0.67 


0.82 


0.80 


Percentage of negligible* speed 
(% of recording period) 


1 








1 


1 











Percentage of time going in 
direction of resultant 


69 


81 


68 


56 


4 


64 


80 


79 


Percentage of time going 
towards lake 


69 


81 


68 


56 


45 


64 


80 


79 


Mean speed towards lake (cm.s"*) 


18.88 


21.31 


15.38 


18.13 


12.68 


8.44 


19.30 


27.43 


Percentage of time going 
towards harbour 


20 


11 


21 


28 


37 


8 


11 


13 


Mean speed towards harbour (cm.s"l) 


11.55 


8.74 


8.16 


14.37 


13.74 


8.61 


9.36 


13.07 


Total number of readings 


4032 


4464 


3189 


4320 


3478 


144 


4320 


2749 


Interval of readings (min) 


10 


10 


10 


10 


10 


10 

. . — 


10 


10 



* <0.30 cm.s" 1 



TABLE 3 (cont'd.) 



LOCATION CODE 1116 



! 





Jun 76 


Jul 76 


! Aug 76 


Oct 76 


Nov 76 


May 77 


Jun 77 


Jul 77 


Resultant direction coming 
from 0° as North 


263 


266 


265 


241 


226 


250 


256 


255 


Resultant speed (cm.s"l) 


5.01 


5.94 


3.56 


3.66 


2.26 


4.03 


6.80 


6.84 


Average speed (cm..-l) 


11.89 


9.34 


7.78 


10.48 


10.39 


14.73 


11.70 


13.16 


Maximum speed (cm.s'l) 


129 


56 


48 


77 


52 


116 


72 


76 


Persistence factor 


0.42 


0.64 


0.46 


0.35 


0.22 


0.27 


0.58 


0.52 


Percentage of negligible* speed 
(% of recording period) 


1 


5 


2 


2 


1 











Percentage of time going in 
direction of resultant 


57 


65 


54 


46 


43 


51 


64 


60 


Percentage of time going 
towards lake 


57 


65 


54 


46 


43 


51 


64 


60 


Mean speed towards lake (cm.s~l) 


15.47 


14.88 


11.96 


15.06 


16.29 


17.96 


16.95 


18.26 


Percentage of time going 
towards harbour 


29 


21 


24 


32 


43 


31 


21 


24 


Mean speed towards harbour (cm.~l) 


11.75 


8.12 


8.45 


10.31 


11.71 


17.63 


10.83 


12.13 


Total number of readings 


4032 


4404 


3239 


4464 


3528 


576 


4320 


3046 


Interval of readings (min) 


10 


10 


10 


10 


10 


10 


10 


10 



* <0.30 cm.s-1 



TABLE 3 (cont'd.) 



LOCATION CODE 1101 



i 





Jun 76 


Jul 76 


Aug 76 


Oct 76 


Nov 76 


May 77 


Jun 77 


Jul 77 


Resultant direction coming 
from 0° as North 


258 


261 


271 


261 


259 


48 


45 


44 


Resultant speed (cm.s'l) 


0.95 


0.61 


1.01 


2.55 


1.55 


3.66 


7.56 


5.54 


Average speed (cm.s'M 


10.48 


6.91 


7.06 


10.73 


10.78 


14.08 


10.78 


7.36 


Maximum speed (cm.s - *) 


125.98 


49.91 


44.06 


79.02 


50.14 


110.79 


63.98 


50.52 


Persistence factor 


0.09 


0.09 


0.14 


0.24 


0.14 


0.26 


0.70 


0.75 


Percentage of negligible* speed 
{% of recording period) 


1 


4 


2 


2 


1 





1 


10 


Percent of time going in 
direction of resultant 


39 


41 


44 


50 


47 


57 


75 


76 


Percentage of time going 
towards lake 


39 


41 


44 


50 


47 


30 


17 


14 


Mean speed towards lake (cm.s~l) 


13.75 


9.50 


9.6 


14.28 


15.26 


18.58 


9.55 


7.30 


Percentage of time going 
towards harbour 


40 


40 


39 


34 


40 


57 


75 


76 


Mean speed towards harbour (cm.s'l) 


11.28 


8.42 


8.02 


11.49 


13.00 


16.49 


13.89 


10.56 


Total number of readings 


4032 


4464 


3190 


4464 


3478 


576 


4320 


3049 


Interval of readings (min) 


10 


10 


10 


10 


10 


10 


10 


10 



* <0.30 cm.s" 1 



TABLE 3: (cont'd.) 



LOCATION CODE 1102 



CC: 
I 





Jun 76 


Jul 76 


Resultant direction coming 
from 0° as North 


290 


338 


Resultant speed 


0.54 


0.47 


Average speed 


0.62 


0.73 


Maximum speed 


24.59 


2.96 


Persistence factor 


0.88 


0.65 


Percentage of negligible* speed 
[% of recording period) 


49 


30 


Percent of time going in 
direction of resultant 


52 


26 


Percent of tim going 
towards lake 


52 


19 


Mean speed towards lake (cm.s~l) 


0.76 


0.93 


Percent of time going 
towards harbour 


6 


5 


Mean speed towards harbour (cm.s~l) 


0.72 


0.43 


Total number of readings 


4032 


1367 


Interval of readings (min) 


10 


10 



* <0.30 cm.s-1 



TABLE 4: 



Flow Through Burlington Canal, Lake Ontario, 1976 



Net Exchange 
Toward The Lake 



PERIOD 



Average Flow Into Harbour 



x 106 
m .d-1 



3 l 

m .s -i 



% of 

Harbour 
Vol /day 



Average Flow In 



to Lake 



x 106 
m 3 .d-1 



J 1 
m .s _i 



% of 

Harbour 
Vol /day 



Total Exchange 



x 106 
m 3 .d-l 



3 1 

m .s _i 



% of 

Harbour 
Vol /day 



x 106 
m\d-l 



3 1 

m .s _i 



% of 

Harbour 
Vol /day 



1 



Jun 
Jul 
Aug 
Oct 

Nov 



0.80 
0.14 
0.37 
0.93 
1.44 



9.26 

1.62 

4.28 

10.76 

16.67 



0.29 
0.05 
0.13 
0.33 
0.51 



3.68 
3.99 
2.72 
2.74 
1.95 



42.59 
46.18 
31.48 
31.71 
22.57 



1.31 
1.43 
0.97 
0.99 
0.70 



4.48 
4.13 
3.09 
3.67 
3.39 



51.85 
47.80 
35.76 
42.47 
39.24 



1.60 
1.48 
1.10 
1.32 
1.21 



2.88 
3.85 
2.35 
1.81 
0.51 



33.33 
44.56 
27.20 
20.95 
5.90 



1.02 
1.38 
0.84 
0.66 
0.19 






TABLE 5: 



Comparison of Flow Through Burlington Canal 
(Flow x 10 6 m3.d-l) 



r-o 

o 



Flow through 
Burlington Canal 


Harris et al 

(1979) 
(1) 


Kohli (1979) 

1975 Data 

(2) 


Mean Value of 

Present Study 

1976 Data 

(3) 


Mean of 

Columns 2&3 

(4) 


. 

Ratio 
Col.l/Col.4 
(5) 


To lake G\ 


6.08 


2.04 


3.02 


2.53 


2.4 


To harbour Q_ 


5.30 


0.69 


0.74 


0.72 


7.4 


Total Q = Q 1 + Q 2 


11.38 


2.73 


3.76 


3.25 


3.5 


Net q = Q l - Q 2 


0.78 


1.35 


2.28 


1.82 


0.4 


towards the lake 













TABLE 6: 



Statistical Summary of Current Meter Operations, 
Desjardins Canal, Hamilton Harbour, Lake Ontario 1976 



LOCATION CODE 1109 



i 





May 


Jun 


Jul 


Aug 


Sep 


Oct 


Nov 


Resultant direction coming 
from 0° as North 


264 


278 


269 


278 


272 


273 


266 


Resultant speed (cm.s~l) 


3.28 


4.25 


3.56 


3.37 


13.71 


8.05 


6.73 


Average speed (cm.s~l) 


9.83 


21.13 


14.27 


16.69 


24.17 


21.76 


23.72 


Maximum speed (cm.s~l) 


48.57 


87.91 


69.36 


65.48 


85.23 


79.24 


70.25 


Persistence factor 


0.33 


0.20 


0.25 


0.20 


0.57 


0.37 


0.28 


Percentage of negligible* speed 
(% of recording period) 























Percentage of time going in 
direction of resultant 


46 


41 


42 


42 


33 


36 


41 


Percentage of time going 
towards Cootes Paradise 


46 


41 


42 


42 


28 


36 


41 


Mean Speed towards Cootes 
Paradise (cm.s - *) 


15.63 


31.54 


22.64 


24.84 


25.73 


35.18 


34.00 


Percentage of time going 
toward harbour 


31 


32 


33 


33 


11 


20 


25 


Mean Speed towards harbour (cm.s~l) 


11.87 


25.53 


16.24 


19.17 


24.93 


30.0 


30.26 


Total number of readings 


721 


4320 


4464 


3232 


3892 


4467 


3386 


Interval of readings (min) 


10 


10 


10 


10 


10 


10 


10 



* < 0.30 cm.s-1 



Cross-sectional Area of Desjardins Canal = 57 m 2 



TABLE 7: 



Flow Through Desjardins Canal, Hamilton Harbour, Lake Ontario, 1976 



ro 



Period 
1976 


Average Flow Into 
Cootes Paradise 


Average Flow 
Harbour 


Into 


To1 


tal Exchange 


Net Exchange Towards 
Harbour 


x 106 
m\d-l 


m .s~l 


% of 
Harbour 
Vol /day 


x 106 

m\d-l 


> i 
m .s _1 


% of 
Harbour 
Vol /day 


x 106 
m\d-l 


* 1 

m .s" 1 


% of 

Harbour 
Vol /day 


x 106 
m\d-l 


m .s _i 


% of 

Harbour 

Vol/day 


May 


0.07 


0.84 


u.03 


0.14 


1.64 


0.05 


0.21 


2.48 


0.08 


0.07 


0.80 


0.02 


Jun 


0.16 


1.87 


0.06 


0.26 


2.95 


0.09 


0.42 


4.82 


0.15 


0.10 


1.08 


0.03 


Jul 


0.11 


1.22 


0.04 


0.19 


2.17 


0.07 


0.30 


3.39 


0.11 


0.08 


0.95 


0.03 


Aug 


0.12 


1.45 


0.04 


0.21 


2.38 


0.08 


0.33 


3.83 


0.12 


0.09 


0.93 


0.04 


Sep 


0.06 


0.63 


0.02 


0.14 


1.65 


0.05 


0.20 


2.28 


0.07 


0.08 


1.02 


0.03 


Oct 


0.12 


1.37 


0.04 


0.25 


2.89 


0.09 


0.37 


4.26 


0.13 


0.13 


1.52 


0.05 


Nov 


0.15 


1.73 


0.05 


0.27 


3.18 


0.10 


0.42 


4.91 


0.15 


0.12 


1.45 


0.05 



TABLE 8: 



Summary of Major Spectral Periods (Hours) 
Hamilton Harbour, Lake Ontario, 1976-77 



(95 Percent Confidence Level) 



LOCATION 


PERIOD 


NORTH-SOUTH 


EAST-WEST 


1104 


Jun 76 


12.0* 


None 




Jul 76 


None 


24.0, 12.0, 6.0* 




Aug 76 


17.1*, 6.0*, 4.8*, 4.3* 


None 




*Jun 77 


20.0*, 10.0*, 3.4* 


4.6*, 3.6* 




Jul 77 


12.0 


None 




Aug 77 


None 


13.3* 



* 80 Percent confidence level 
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TABLE 9: 



Summary of Major Spectral Periods (Hours 
Burlington Canal, Lake Ontario 1976-77 



95% Confidence Level 



LOCATION 


PERIOD 


ALONG CHANNEL 


ACROSS CHANNEL 


1117 


Jun 76 


12.0, 5.2, 3.2 


12.0, 5.2, 3.2 




Jul 76 


12.0, 5.2, 3.2* 


12.0, 5.2 




Aug 76 


5.2, 3.2* 


12.0, 5.2, 3.2 




Oct 76 


12.0*, 5.2, 3.2 


12.0, 5.2, 3.2 




Nov 76 


12.0, 5.2, 3.4* 


12.0, 5.2, 3.5* 




Jun 77 


12.0, 5.2, 3.2 


12.0, 5.2, 3.2 




Jul 77 


12.0, 5.2, 3.4 


12.0, 5.2, 3.4 


1116 


Jun 76 


12.0*, 5.0, 3.2* 


12.0*, 5.2, 3.2* 




Jul 76 


12.0, 5.2 


12.0, 5.2, 3.2* 




Aug 76 


12.0, 5.2, 3.2* 


12.0, 5.2, 3.2* 




Oct 76 


12.0, 5.2, 3.2 


12.0, 5.2, 3.2 




Nov 76 


12.0, 5.2, 3.2* 


12.0, 6.7*, 5.2, 3.4* 




Jun 77 


20.0*, 12.0, 8.0*, 
5.2*, 3.2 


12.0*, 8.0*, 5.5*, 3.2* 




Jul 77 


13.3, 5.2 


20.0*, 12.0*, 5.5* 


1101 


Jun 76 


12.0*, 5.2, 3.2* 


12.0*, 12.0*, 5.5* 




Jul 76 


12.0, 5.2, 3.2* 


12.0, 5.2 




Aug 76 


12.0, 5.2, 3.2* 


12.0, 5.2, 3.2* 




Oct 76 


12.0, 5.2, 3.2* 


12.0*, 5.2, 3.2* 




Nov 76 


12.0, 5.2, 3.2* 


12.0, 5.2, 3.2* 




Jun 77 


12.0*, 6.0*, 5.2 


12.0, 5.2 




Jul 77 


12.0* 


12.0*, 5.2* 


1102 


Jun 76 


5.2*, 4.8 


5.2* 




Jul 76 


20.0* 


24.0*, 10.9* 



80 Percent Confidence Level 
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TABLE 10: 



Summary of Coherences (95% Confidence) Burlington Canal, Lake Ontario, 1976 



[Hours] 






Location #1 
Location #2 


JUNE 


JULY 


AUGUST 


1116 
1117 


1101 
1117 


1116 

1117 


1101 
1117 


1116 
1117 


1101 
1117 


Speed along the canal 
and Water Temp, at #2 


2.0, 2.7 to 6.0, 
10.9 to 13.3, 17.1 


2.7 to 3.4, 3.7 to 
7.1, 9.2 to 17.1 


2.9 to 3.2, 3.7 to 

4.0, 4.3 to 6.3, 

7.1, 10.9 to 17.1 


2.4, 2.9 to 3.3, 3.6 
to 6.3, 8.6 to 9.2, 
0.9 to 17.1 


2.1, 3.0-3.2, 4.0, 
4.3, 4.4 


2.2, 2.7 to 2.9, 3.4, 
3.9 to 4.6, 5.0 to 

6.3, 15.0 


Speed across the canal 
and Water Temp, at #2 


2.0, 2.7 to 6.0, 
9.2, 10.9 to 13.3 


2.7 to 3.3, 3.7 to 
6.0, 6.7 to 7.1, 
10.9 to 13.3, 17.1 


2.3, 2.9 to 3.3, 3.7 
to 4.0, 4.3 to 6.0, 
7.1, 10.9 to 17.1 


2.4, 2.9 to 3.3, 3.6 
to 5.7, 8.6 to 9.2, 
10.9 to 15.0 


2.1, 3.0 to 3.2, 
4.0, 4.4, 5.7 


2.2, 2.6, 3.9 to 4.1, 
4.4, 5.2 to 6.3, 7.5 
to 8.5 


Speed along the canal 
and Water Temp, at #1 


3.1 to 3.3, 4.0 to 
5.7, 7.1, 12.0 to 
17.1 


3.1 to 3.4, 4.0 to 
5.7, 7.1, 12.0 to 
17.1 


2.3, 2.6, 2.7 to 
2.9, 3.7 to 4.0, 4.4 
to 5.0, 6.0, 7.1, 
15.0 to 20.0 


2.3, 2.6, 2.7 to 
2.9, 4.0, 4.4 to 
5.0, 6.0, 7.1, 15.0 
to 20.0 


2.9 to 3.1, 4.8 to 
5.2, 6.0 to 6.3, 

17.1 


3.0, 3.1, 4.8 to 5.2, 
6.0 to 6.3, 17.1 


Speed across the canal 
and Water Temp, at #1 


3.0 to 3.3, 3.9 to 
6.0, 7.1, 12.0 to 
17.1 


3.1 to 3.3, 3.9 to 
6.0, 7.1, 12.0 to 
17.1 


2.7 to 2.9, 3.9, 4.4 
to 5.0, 5.7 to 6.0, 
7.1, 13.3 to 17.1 


2.7 to 2.9, 3.9, 4.4 
to 5.0, 5.7 to 6.0, 
7.1, 13.3 to 17.1 


3.0, 3.1, 4.8 to 
5.2, 6.0 to 6.3, 

17.1 


3.0, 3.1, 4.8 to 5.2, 
6.0 to 6.3, 17.1 


Speed along the canal 
at #2 and #1 


2.1 to 8.0, 9.2, 10.9 
to 15.0 


2.1 to 6.7, 7.5, 
10.4 to 13.3 


2.2 to 9.2, 10.9 to 
30.0 


2.0 to 2.6, 2.7 to 
6.7, 8.0 to 9.2, 
10.9 to 13.3, 24.0 


2.0 to 2.3, 2.7 to 
9.2, 10.9 to 15.0, 
24.0 


2.2, 2.7 to 13.3 


Speed across the canal 
at #2 and #1 


2.2 to 8.0, 10.9 to 
10.9 to 13.3 


2.3 to 6.0, 7.5, 
10.9 to 13.3 


2.2, 2.3 to 9.2, 
10.9 to 13.3, 20.0 
to 30.0 


2.0 to 2.5, 2.8 to 
6.7, 10.9 to 13.3 


2.1, 2.2, 2.7 to 
6.3, 10.9 to 17.1 


2.0, 2.2, 2.7 to 
13.3 


Water Temp.* at #2 
and #1 


2.3 to 120.0 


2.3, 2.8, 3.0 to 
7.1, 9.2 to 13.3 


3.2, 3.9 to 4.8, 
5.5 to 6.7, 10.0 
to 24.0 


4.0 to 4.8, 5.2 to 
6.0, 17.1 to 20.0 


2.7, 2.8, 3.0 to 
3.2, 3.5, 3.6, 5.5, 
7.1 to 7.5, 10.0 to 
13.3 


7.1 to 7.5 



* Water temperature less its grand mean. 



TABLE 11 



Summary of Major Spectral Periods (Hours 

Desjardin Canal, 

Hamilton Harbour, Lake Ontario 1976 



95% Confidence Level 



LOCATION 


PERIOD 


ALONG CHANNEL 


ACROSS CHANNEL 


1109 


Jun 76 


12.0, 5.0 


12.0, 5.0 






Jul 76 


12.0, 5.2 


12.0, 6.0*, 5.2, 


3.2* 




Aug 76 


12.0, 5.2, 3.2* 


12.0, 5.2, 3.5*, 


3.2 




Sep 76 


12.0*, 6.3*, 4.8 


12.0*, 5.2 






Oct 76 


12.0, 5.2, 3.3* 


12.0, 5.2, 3.3* 






Nov 76 


13.3*, 5.2 


12.0, 5.2 





80 Percent Confidence Level 
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TABLE 12: Temperature Frequency, 

Hamilton Harbour, Lake Ontario 1976 

Percentage of Occurrence 

Location Code 1104 



Temperature 








Range °C 










Jun 76 


Jul 76 


Aug 76 


14.0 - 14.9 


3.05 






15.0 - 15.9 


6.68 


0.14 




16.0 - 16.9 


11.45 


16.78 


0.19 


17.0 - 17.9 


43.51 


53.59 


4.89 


18.0 - 18.9 


26.15 


23.41 


29.32 


19.0 - 19.9 


8.97 


6.09 


61.28 


20.0 - 20.9 


0.19 




4.32 


TOTAL 


100.0 


100.0 


100.0 


Mean °C 


17.61 


17.67 


19.16 


Std. Dev.°C 


1.08 


0.74 


0.57 


Minimum °C 


14.28 


15.64 


16.74 


Maximum °C 


20.17 


19.82 


20.31 


Series Length 


528 


743 


540 


(h) 
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TABLE 13: 



00 



Temperature Frequency, Burlington Canal, Lake Ontario, 1976-77 

Percentage of Occurrence 



Temperature 
Range °C 










L C 


A T I N 














1 1 


1 7 










1 1 


1 6 














PER 


I D 












Jun 76 


Jul 76 


Aug 76 


Oct 76 


Nov 76 


Jun 76 


Jul 76 


Aug 76 


May 77 


Jun 77 


Jul 77 


3.0- 3.9 










1.04 














4.0- 4.9 










19.13 














5.0- 5.9 








0.28 


19.13 














6.0- 6.9 








0.56 


20.70 








1.05 






7.0- 7.9 








1.97 


16.17 


0.30 






0.00 






8.0- 8.9 








4.65 


13.04 


0.00 






0.00 




0.20 


9.0- 9.9 








14.79 


9.91 


0.15 






1.05 




0.00 


10.0-10.9 


0.30 






13.94 


0.87 


0.30 


0.14 




4.21 




0.00 


11.0-11.9 


0.61 






6.20 




0.45 


0.00 




7.37 




0.20 


12.0-12.9 


0.15 






11.13 




2.56 


0.00 




3.16 


0.14 


0.00 


13.0-13.9 


0.76 






11.13 




5.86 


0.27 




5.26 


0.84 


0.40 


14.0-14.9 


2.42 






19.44 




8.12 


1.09 




18.95 


2.38 


0.99 


15.0-15.9 


7.26 






13.24 




9.32 


5.70 


0.37 


35.79 


17.95 


2.19 


16.0-16.9 


6.20 


1.90 


0.95 


2.68 




13.68 


10.45 


2.06 


2.11 


23.70 


7.75 


17.0-17.9 


10.29 


3.39 


3.80 






18.05 


22.25 


9.72 


3.16 


15.71 


11.53 


18.0-18.9 


13.16 


11.94 


8.56 






18.35 


24.69 


21.68 


5.26 


9.82 


14.31 


19.0-19.9 


22.09 


21.17 


15.40 






12.18 


24.97 


22.06 


9.47 


14.03 


14.91 


20.0-20.9 


18.76 


33.24 


20.34 






8.57 


8.68 


29.16 


3.16 


9.54 


15.71 


21.0-21.9 


14.07 


19.95 


31.94 






2.11 


1.63 


9.91 




4.35 


18.89 


22.0-22.9 


3.93 


5.29 


8.37 








0.14 


4.86 




1.54 


9.15 


23.0-23.9 




3.12 


5.89 










0.19 






2.78 


24.0-24.9 






4.37 
















0.99 


25.0-100.0 






0.38 


















TOTAL 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


Mean °C 


19.02 


20.29 


20.90 


12.35 


6.62 


17.25 


18.29 


19.66 


15.22 


17.68 


19.63 


St. Dev. Oc 


2.16 


1.36 


1.66 


2.44 


1.63 


2.26 


1.48 


1.38 


2.64 


1.95 


2.16 


Minimum °C 


10.41 


16.18 


16.78 


5.96 


3.82 


7.16 


10.04 


15.65 


6.85 


12.45 


8.60 


Maximum °C 


22.87 


23.74 


25.20 


16.98 


10.23 


21.63 


22.20 


23.03 


20.80 


22.99 


24.65 


Series Length 


672 


744 


531 


720 


579 


672 


744 


539 


96 


720 


507 


(h) 

























TABLE 13: (cont'd) 














Percentage of Occurrence 








Temperature 
Range °C 


LOCATION 








110 1 










1 1 


2 










PER 


I D 










Jun 76 


Jul 76 


Aug 76 


Oct 76 


Nov 76 


May 77 


Jun 77 


Jul 77 


Jun 76 


Jul 76 


3.0- 3.9 










0.87 












4.0- 4.9 










17.57 












5.0- 5.9 








0.14 


19.13 




0.28 


1.79 




3.11 


6.0- 6.9 








1.36 


23.65 


5.26 


3.65 


9.16 


2.87 


9.78 


7.0- 7.9 


0.30 






2.99 


16.87 


9.47 


15.43 


11.16 


10.11 


17.78 


8.0- 8.9 


0.15 


0.14 




5.83 


12.87 


6.32 


23.98 


16.93 


11.01 


17.78 


9.0- 9.9 


0.30 


0.14 




15.74 


8.17 


17.89 


22.58 


14.54 


10.26 


20.89 


10.0-10.9 


0.60 


0.27 




12.08 


0.87 


10.53 


9.82 


15.74 


16.74 


11.11 


11.0-11.9 


2.39 


0.54 




7.46 




15.79 


7.15 


8.17 


13.27 


3.11 


12.0-12.9 


3.59 


1.09 




12.08 




14.74 


7.15 


3.98 


12.67 


3.56 


13.0-13.9 


8.37 


4.07 




14.79 




16.84 


4.35 


2.79 


9.20 


2.22 


14.0-14.9 


11.06 


10.85 




22.66 




3.16 


3.23 


8.96 


10.26 


0.44 


15.0-15.9 


17.49 


15.20 


0.19 


4.48 






1.54 


3.98 


2.41 


1.33 


16.0-16.9 


18.98 


25.24 


1.73 


0.41 






0.56 


2.39 


0.45 


7.11 


17.0-17.9 


19.58 


24.15 


13.85 








0.14 


0.20 


0.15 


0.89 


18.0-18.9 


8.52 


10.99 


25.19 








0.14 


0.00 


0.30 


0.00 


19.0-19.9 


4.78 


5.97 


29.42 










0.20 


0.30 


0.89 


20.0-20.9 


3.14 


1.36 


22.12 
















21.0-21.9 


0.75 




7.12 
















22.0-22.9 






0.38 
















23.0-23.9 






















24.0-24.9 






















25.0-25.9 






















TOTAL 

— ■■ — ■ ..I- — - 1 


100.0 

>■■■ 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


Mean °C 


16.16 


16.57 


19.25 


11.99 


6.62 


10.75 


9.76 


10.20 


11.03 


9.69 


Std. Dev. °C 


2.16 


1.69 


1.20 


2.34 


1.54 


2.17 


2.16 


2.74 


2.42 


2.94 


Minimum °C 


7.44 


8.90 


15.38 


5.98 


3.90 


6.41 


5.88 


5.04 


6.33 


5.53 


Maximum °C 


21.49 


20.58 


22.13 


16.33 


10.29 


14.21 


18.36 


19.55 


19.43 


19.38 


Series Length 


672 


744 


531 


744 


579 


96 


720 


508 


672 


227 


(h) 























TABLE 14: Temperature Frequency, Desjardins Canal Hamilton Harbour, 

Lake Ontario 1976 
Percentage of Occurrence 



o 



Temperature 














Range °C 


May 76 


Jun 76 


Jul 76 


Sep 76 


Oct 76 


Nov 76 


0.0 - 0.9 












2.68 


1.0 - 1.9 












6.26 


2.0 - 2.9 










0.94 


9.48 


3.0 - 3.9 










0.94 


19.32 


4.0 - 4.9 










1.75 


22.36 


5.0 - 5.9 










3.51 


18.96 


6.0 - 6.9 










7.96 


11.27 


7.0 - 7.9 






0.14 




8.10 


7.87 


8.0 - 8.9 




0.28 


0.00 




8.64 


1.79 


9.0 - 9.9 




0.00 


0.00 




6.34 




10.0 - 10.9 




0.00 


0.00 




8.37 




11.0 - 11.9 




0.70 


0.00 


0.16 


9.85 




12.0 - 12.9 




0.42 


0.54 


3.89 


11.74 




13.0 - 13.9 




0.56 


0.14 


12.31 


6.88 




14.0 - 14.9 


1.69 


1.26 


2.71 


13.86 


9.18 




15.0 - 15.9 


7.63 


4.63 


3.39 


7.01 


9.04 




16.0 - 16.9 


6.78 


9.55 


6.50 


4.98 


6.07 




17.0 - 17.9 


43.22 


12.22 


10.57 


13.24 


0.67 




18.0 - 18.9 


37.29 


14.61 


11.92 


19.16 






19.0 - 19.9 


2.54 


16.25 


14.09 


16.98 






20.0 - 20.9 


0.85 


19.52 


10.57 


7.17 






21.0 - 21.9 




7.87 


10.30 


1.25 






22.0 - 22.9 




7.30 


4.61 








23.0 - 23.9 




1.83 


1.63 








24.0 - 24.9 




0.28 


0.41 








25.0 - 25.9 




0.14 


0.14 








26.0 - 26.9 




2.67 


22.36 








TOTAL 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


Mean °C 


17.68 


19.29 


20.84 


16.95 


11.07 


4.54 


Std. Dev.°C 


0.99 


2.59 


3.81 


2.44 


3.47 


1.76 


Minimum °C 


14.67 


8.15 


7.00 


11.77 


2.28 


0.12 


Maximum °C 


20.12 


26.90 


26.90 


21.44 


17.47 


8.50 


Series Length 


120 


720 


744 


648 


744 


564 


(h) 
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FIGURE I - RESULTANT CURRENTS IN HAMILTON HARBOUR, LAKE ONTARIO, 1976-77. 
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FIGURE 2 - RESULTANT CURRENTS IN BURLINGTON CANAL, LAKE ONTARIO, 1976-77, 
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FIGURE 3 - RESULTANT CURRENTS IN BURLINGTON CANAL, LAKE ONTARIO, 1976-77, 
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FIGURE 4 - RESULTANT CURRENTS IN BURLINGTON CANAL, LAKE ONTARIO, 1976-77. 
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FIGURE 5 - MEAN TEMPERATURE IN BURLINGTON CANAL, HAMILTON 
HARBOUR, LAKE ONTARIO, 1976-77. 
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FIGURE 6 - EXCHANGE THROUGH BURLINGTON CANAL, LAKE ONTARIO, 1975-76. 
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FIGURE 7 - RESULTANT CURRENTS IN DESJARDINS CANAL, HAMILTON HARBOUR, LAKE ONTARIO, 1976. 
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FIGURE 8 - EXCHANGE THROUGH DESJARDINS CANAL, HAMILTON HARBOUR, LAKE ONTARIO, 1976. 



APPENDIX 1 
HAMILTON HARBOUR WATER MOVEMENTS 

DATA ANALYSIS 

All data collected during the current meter operations of 1976-77 
were pre-whitened or numerically smoothed (Blackman and Tukey, 1959; 
p. 29, 39, 74) using binominal weights suggested by Panofsky and 
Brier (1968; p. 150). Current speed and direction and water 
temperature data are smoothed (Kohli, 1978). If the instrument was 
operated in Burlington or Desjardins Canals, the direction was not 
smoothed, as the water movements in the channel are essentially 
along the channel axis. 

The smoothed data are divided into monthly records to facilitate 
comparison of results to previous and other studies, as well as to 
provide a manageable dataset length. For each dataset, a two- 
dimensional frequency of occurrence of current speed and direction 
were computed along with the resultant speed and direction, 
arithmetic mean and maximum current speeds and the persistence 
factor. The current frequency tables along with the above 
statistics are presented in Tables 1.01 to 1.40. 

The current time series (dataset) were resolved along the north- 
south and east-west components. In case of Burlington and 
Desjardins Canals, the currents were resolved along and across the 
channel axis. The resolved currents were then averaged over an 
hour. The hourly average current components were then subjected to 
spectral analysis (Kohli, 1978) to obtain the major significant 
spectral periods. Comparison of these with the theoretical periods 
of time variation helps to understand the physics underlying such 
variations. The concurrent data sets at the two locations in 
Burlington Canal were subjected to cross-correlations and coherence 
analysis to determine the significant periods of coherence between 
the two data sets. Coherence is a measure of the goodness of 
relationship between the two variable series for different periods. 
Coherences can lie between and 1, and is analogous to the square 
of the correlation coefficient, except that the coherence is a 
function of frequency. 



- 39 - 



REFERENCES 

1. Black, R.B. and J.W. Tukey, 1959. The Measurement of Power 
Spectra. Dover Publications, Inc., New York, 198p. 

2. Kohli, B. 1978. Hamilton Harbour Physical Processes. Ontario 
Ministry of the Environment, Water Resources Branch, Toronto, 
Ontario. 53p. 

3. Panofsky, H.A. and G.W. Brier, 1968. Some Applications of 
Statistics to Meteorology. The Pennsylvania State University, 
University Park, Pennsylvania. 224p. 



- 40 - 



r 



TAR(_t 1.01 



LOCATION r.MOF I 
a»F a : 

LAkP , 



1 1 17 

RURl INGTO* 

ONTARIO 



r anai 



pfhIOO 
L A T T TM 0€ 

LHNKITunt- 



JI'M 7^ 
J 3 17 ^3 
70 d7 SS 



fuf Qif£MCV TA«LF 













ftlPECTTO 


k r r n m t N! r, from) 


Tn DEG*« 


•FS 










sPfcFnfc 


M /ni 


3 3 7 . «i • 


??.so- 


fe7.S0- 


1 1?. so- 


1S7.50- 


?o?,so» 


? 4 7 , S - 


29?, 50- 












a?. 49 


67,410 


1 1 P.49 


is 7 , '1 Q 


?0?,49 


247,40 


P9?.UQ 


337. uo 


R n s S 1 • M S 




fl.O 


• • 


n . Vi 


o.n 


n.op 


«.?7 


o.n 


0,0 


n.o? 


0, 70 


,0 


1.12 




"•31 


-• 


'i .09 


o.o? 


1.?u 


h. 1 


0,40 


0,17 


1 .07 


P.A5 


1 ,0P 


1 Q. 3S 




s.oo 


a «• 


00 

• 


A. 35 


1.22 


ft, 1 M 


0.17 


0,30 


0,07 


l«,M 


*.77 


Po ,7S 




10,00 


• • 


1 U.OQ 


0,17 


0,47 


^.70 


0.05 


n.os 


0.37 


Jfl.73 


n.17 


10. 7P 




is. 00 


.- 


1Q.OO 


0,0 


n.lfl 


1 .93 


fi.os 


0,0 


ft,?C 


1 1 .71 


0.0 


1 3 f 00 




P^.OO 


• • 


?U.09 


o.n 


0,0s 


,feO 


n,02 


0,02 


0.12 


h , 09 


0,0 


7.01 


I 

i- 

I — 1 


PS, 00 


• " 


^,0 


o.n 


0,0? 


1 ,'H 


0.0 


0,0 


o.17 


1 1 ,53 


0,0? 


13.17 


1 


roi 


■ , M V 


S 11 m s 


1 , a a 


3.1? 


?o,?g 


n,60 


n.ss 


?.93 


60,0.) 


1 ,Q8 


] r n \ 



»FS"| T AMT C' ,tP f M T IS 
M* 4^ r.jORF'.T TS 
MA xT MUM p iPOf v T IS 
MJNI MM M p iPPf NT [5 



R . ft 3 r * / s 

1 3. as r M /s 

H?.«0 C"/S 

0.0 r^/s 



AT ?S7 OfcG FROM NjOPTH 



TOT A I NO, OF AD I Npq /JO^ 

PFRSISTFNCE t<? 0.ft4 

PFAr»i»ir;s Takm FvFPV 10 M TN 



m F T F R • 1 p f- p a T t n - , «; 



mPTF^ MPfcRAlhO AT 



p^r; ^ p^n^ R Q J T M T M O.u M OF .a I ^ 



STAPTFOAT 0,10 MBS. ON "* T n r>AV nf. 

F*'i»F D at P^.S" mCS, 0* V' IH rjv nF 






T A M F | t 0? 



l.nc*TT'i*' 


r<ry . m^ 


APfcA 


! RMttl |NGTQI 


LAKF 


J ONTARIO 



CA k 'Al 



P^RTOO 


: .imi 


76 


LATT Tl (• 


t "3 


1 7 S3 


l DNGITUOE 


! 70 


'17 SS 



F»Fnnf*Cv tahlf: 













n JPfcCT T 


nM f COM TNG Fpn»0 


In DFGDFfS 










SP f F n ( c 


VS ) 


5 i y . so- 


??.s - 


67,50* 


1 1 ?.so- 


IS7.S0- 


? o ? , S o - 


247,50- 


292,50. 












2?,fl9 


o7.AQ 


1 1?.<19 


i s 7 .uo 


2 2 . fl 9 


?U7,U0 


?o?,<jg 


3 3 7 , a 


PCI*! SU"'S 




n.n 


• • 


n # ^u 


0,o«? 


0,0? 


0.13 


o.o 


0.0 


0.0 


".11 


o.oa 


0.3/4 




n.^1 


-• 


? 


on 


0.07 


0,60 


1.9? 


n.3t 


0,00 


0,38 


3,36 


0,00 


7.7S 




S.on 


«• » 


<? 


9 


o.^u 


0,5* 


?.*7 


p.H 


n.U 


0.U7 


R # O0 


0,6S 


13. 1S 




8,00 


• - 


B 


09 


0,07 


0,?0 


2,55 


o.OO 


0.1 1 


o,A3 


0.77 


n .1 1 


13.33 




o , n o 


-- 


1 1 


<3(J 


0,og 


o.?o 


1 ,HH 


0,09 


o.og 


fi ,3« 


o,oo 


O.lfe 


12.79 




i?.oo 


• • 


1 '1 


QQ 


o.ng 


0,00 


o.*3 


0.0 


n,o? 


n,00 


1 1 ,?o 


0,011 


1 ? . a 6 


I 

r-.J 


1 S" . o o 


m • 


so 


OQ 


0,04 


"•1 1 


n,R7 


0.0 


n.o? 


0,18 


5*. 96 


0,0? 


a . 2 1 


1 


rot 


||MM 


SUMS 


0,72 


1 ,RR 


1 1 .07 


0,65 


o,<i7 


!.*J 


«1 ,3A 


1 .03 


1 '. 



Pfr Si't TA k n CORPFN'T 
MpAM n.»PPF*'T 13 
*A*Tmhm current IS 

M J N I M i| M fht^DpNT IS 



IS 



1 1 .SB C«/S 

13.60 T M /S 

S'J.10 C M /S 

00 c*/S 



AT PS« OFG FRpM m»)RtH 



total no, H F a n y n r s a a 6 a 
PERSISTENCE TQ 0,A5 
PFAnjNGS TAKEN FvFRY 10 *!* 



" F T F R P F P A T I n S 



MFTF.k UPf.PATFO AT 



« c u rOHM HOTTOM In 



STA«TFD AT O.OR MPS. ON 1 Th OAV OF 
FNhFP AT ?3.57 MPS. ON \] TH OAV OF 



0.4 M OF *ATFR 

7 TM MONTH 1076 
7 TH MflNTH 1076 



TABLE 1.03 



l.nc A T T >> 


rr 


^E 


: 


\ 1 17 


APF.A 






: 


HU»|.IMiTO Kl 


LAKE 






: 


ONTAWT'i 



r AK AL 



PFWT()f> 


! AIT, 7 * 


LAT ITHUE 


: u3 17 S3 v 


I OMaiTtlOf 


• 79 a7 *ss * 



FPFQlieNiCY TABLE 











OIRf-TTT 


n * f c p ••< t n r; f^pm) 


IN DEGREES 










SPEPOfC 


*/S 1 


337, S0- 


22. So* 


67. SO- 


1 12.50* 


157, SO- 


?o?.so. 


?47,S0- 


?9?,S0- 










PP.U9 


87, UQ 


1 1P.U9 


157, U9 


202.49 


?m ,U9 


P9P.49 


337,49 


cn* SUMS 




o.o — 


o.^o 


o.n^ 


0.0 


o.O 


o.o 


0,0 


o.O 


0,06 


.09 


0.19 




0,31 -- 


?.o<J 


o.ai 


0,88 


*.«2 


0,60 


0,13 


0,*Q 


U, 99 


0,66 


1 p.p^ 




3.00 .. 


«^.OQ 


0,<J7 


1 .00 


*.«3 


0,7ri 


o.?s 


0,69 


11 ,«1 


1 .o< 


pp. 1 7 




6.oo -- 


fi t QQ 


o.pp 


0.U7 


«,«? 


*.22 


0.13 


0,4 7 


1 1 .04 


*.31 


1 7.P* 




o.oo .. 


1 1 .94 


0,06 


0,0^ 


?.««5 


0,0*. 


0,0 


0.25 


11,15 


, Oh 


1 .-j . n s 




IP.oO •- 


1 /J .09 


o.o 


0.13 


1.72 


0.0 


0,03 


0,19 


9.2? 


0.0 


1 1 ,P<3 


1 


IS, .• 


qR.99 


o.o 


0.08 


1,63 


0.0 


0,0 


0,16 


P0.9? 


0.0 


PP.77 


1 


COl i.IMN 


sums 


1,19 


2.S7 


?1 .07 


1 ,66 


0.S3 


?,tib 


h«,^h 


P. 1 6 


1 o n ', o o 



WE SIM TAVT C'iRRt.^T 

m E A w r UP PF *i T T S 
m a x T mm * r; 1 1 » p f- nj t t s 

M T N T v " ' " r 1 1 P o f n T T S 



IS 



*,7 7 C^'/S 

in.?9 C"/S 

a«,/jQ r. M /S 

o.o r > • / fi 



AT Pb1 HE a FPP* N.flPTW 



TOT A | no, pf- ap T vr,S 31 «9 

RfcPStSTFNCE TS \^h 

p f & n t m r; s takf^ p v r p y 10 ** T n 



^FTfW 'IPF P A T T'",s 



a F T E P mP^paTEP AT 



at; m p^pm h p T T P M I N< 



9 . u \- np , v ATFiv 



STAOTEp AT 0,07 MPS, HN 1 TH PAY Pf- ft TH Mf.iNTH 197* 

^N|>Fn AT 3,?S hP.S. Hh ?3 Th Oav OF m Tm MfiMfh 1976 



T A n t *■ i , <1 



ape a : 

I AkF j 



1 1 1 7 

HUH | INUTHN 

l' 1 A^TO 



fft\'4 | 



Pf w r on 

L* T T TliOf 

I HM* jTnnfc 



hTT 7 a 

a 3 w s 3 

70 /J 7 s s 



FPFOUfiNCY TAPlT 













r» J P E f T T k 


f C 1 •* T h r, r wO'O 


In DFG9FFS 










SPFPHrc* 


' /S 1 


337,50- 


22,5n- 


A.7.SO. 


1 12,50- 


1S7,^0- 


20?, ^o- 


24T.S')* 


29?. *o- 












2 ? . a 9 


h7 t (|Q 1 


1?,U<J 


1S7.U9 


2 ? , a 9 


?47,U9 


292. a9 


3 5 7 , U 9 


bp» su^s 




0.0 


a • 


. 3 u 


0,?H 


0.02 


n.t* 


o.O 


n.02 


n,07 


o,35 


O.oo 


1.00 




0.31 


a m 


X 


,09 


1 ,06 


O.Afl 


*.*2 


1,23 


0,7 a 


n.97 


a, 63 


1 ,h; 


1 a ' p 6 5 




/J , n.) 


mm 


7 


,TJ 


0,7* 


o,3o 


*.55 


1 ,Ufe 


o.a? 


n.*2 


1 1 ,90 


1 ,h<3 


25.70 




M, On 


mm 


1 1 


ou 


^.2S 


0.35 


•>,u 


0,37 


0,1 a 


r>,<j<? 


|0,Bg 


0,a2 


1 V Ofl 




lP.no 


-- 


1 ^ 


00 


0,OS 


ft. 12 


i,Q ( ' 


o.lo 


0,02 


0.^2 


Q .72 


0,28 


15. 7« 




ih.no 


-- 


1Q 


, OQ 


0.n<? 


o.O 


?.75 


0.07 


0,02 


o,2l 


6,69 


,09 


9^86 


I 


20 .00 


m m 


7/1 


, po 


0.0 


0.0 


x.^o 


0,02 


0.0 


0,30 


l?,oi, 


0,09 


16.06 


1 


tm 


1 JM\J 


SUMS 


2, A3 


1 ,67 


27,71 


5.31 


1.37 


3.M 


S*,23 


fl,2« 


1 0.00 



4 f S ' 1 1 T A ►. t c • » WE ^*T 
m F A kj r U 9 W F M T is 
"A XT Ml IH CHR&EMT TS 
m J N T M II n r"99FNT IS 



TS 



a.«S C M /8 

12.03 C M /S 

7a. 97 C M /S 

0.0 O/* 



AT 255 l.) Mi PHP* NflRTM 



THTAI. NO. RfA^lMGS a520 

PERSISTENCE ts o.ao 

RFAHINGS TAKfw F v F v 10 mJ\ 



"UFO OPF 9 AT in^s 



*FTFP OPERATEC AT 



» c m FPOm BOTTOM J is, 



9. a 



np aATFW 



STaOTFD 

F_M;Fi) 



AT 
AT 



0.10 
2*,5* 






ON 
OK 



2 
31 



Tm 

th 



04V 

hay 



of 



1 

1 



TH 

TM 



Mf)MTH 
"ONJTm 



1976 
1*76 



tami.F 1 ,nS 





L C A T T ( > » 


mre 


J 1117 












PFWldO 


■ n •. 7 h 




APf- A 




j PURLING 


t n n r a k- a i 










LATITUDE ! 


UT 


17 S * fci 




LA"f 




t D Nj T A R T 












LONGITUDE j 


70 


/j 7 ^ «; M 












FRFQ 


Ijf^CV TaRlK 




















PIRETT TO*' 


f c n M T N R F R M 1 


In DFGPFFS 












SPtFn fC* 


/*) 


337. SO. 


2?.Sn- 


67. SO- 


1 12.50- 


1 5 7 , S • 


? o ? , S o - 


?a7,so- 


?o?,so- 












22.49 


h7,ug 1 


1_?.'iO 


157, «g 


20? ,«o 


?U7.<J9 


?g?,/jg 


5 S 7 , a 9 




W n u' S • I w S 




0.0 .- 


f> , 3f» 


0,03 


n , nq 


0.2ft 


n . l n 


0,0 3 


o.o 


o, 1 a 


o.o 




p # *>p 




0.31 — 


?,Q<J 


0,92 


1.?0 


*.S7 


0,81 


!.«! 


1 .Oh 


a, 17 


o,s* 




1 3.*o 




1.00 — 


S.Og 


0,63 


1 .?7 


*.21 


i.«i 


0,7* 


1 .70 


10.03 


0.7? 




22.74 




fe.no - - 


ft Qg 


o.3* 


n.ss 


7 . Oa 


n.bQ 


0.20 


n.os 


o.g? 


0,23 




19.90 




g.oo -- 


1 1 .Qo 


O.ng 


o.?o 


s.«g 


P. 29 


n .l? 


n.?Q 


^,3S 


o, 1 a 




'3.37 




12.00 .. 


tu.og 


0,09 


O.OQ 


R.03 


o.o* 


n .o 


0.1? 


S.12 


o .Of, 




10.5? 


! 


is.no .. 


UO.QQ 


O.OJ 


0.03 


*.97 


O.OQ 


,n* 


0.17 


0.^3 


o.o 




l r , g fl 


1 


CO! h m n 


5 f I m S 


2.1') 


3. Si 


3*,9M 


^S 


2. SO 


«,2fl 


as, 3 / 


1 .73 




o n ' # o 



wfSiM.TAN;! Cl'rt«F.M IS 
mF a* r-iWgF' T TS 
*AXTmIIM ri'WOF"'T IS 



o.g 5 c w /s 

o.M3 r^/s 

ao.-^g c M / S 

on f " / s 



AT ??0 l) £ G F « n v ► . n w t m 



Tf'TAL NH, RFAPr k -r„c ^U7H 

p V H> S T S T F • r (- f « 0.09 

RFAHlNfGS TAkF*' fvM-'v in - t \ 



^fTFP ,iPH? AT T^'«.S 



FTF^ C'PtRATFP AT 



f. p p ., hOTThm Jn 



m n f -AT F R 



STARTED AT 0,08 MR3. i!\ 1 Th DAY OF 11 TH MQK.TH ig7K 

FNQFD AT 3,* 7 hRS, k ^ Th ^ A v r if 11 T w MnKiTW 197* 



T a H t> 1.0ft 



I akF | DNTAMIO 



pf k i an 


: M A V 7 7 


LAT T TUDf 


! a - * 17 S 5 * 


I r " R 1 T - 1 rs f. 


• jn /i 7 ss a 



FRfQllfNCV TAH|.r 
OIRFrTTO*' ffO"I\r, FRO") TN HfcGPf-FS 



SPtF^ff^/*?) 



337 f «SO« 



??.50* ftT.sn. 

h 7 , ii Q 11?,04 



11?, SO- 1 S 7 , S . ? ? . * n . 2 4 7 , 5 • ? ? , 5 
1S7,ao ?o?,uo 247, flO ?Q?,uq ^7,(jo 



r n '«. $ i j m 3 






O.n 


-- 


r . ^ n 


0.0 


r.n 


ft.O 


o.o 


o.o 


r.o 


0.0 


P.ft 


n' o 
n.lt 


0.31 


.- 


1 g oo 


o.o 


1 ,30 


n.O 


O.ftQ 


?,78 


1.*9 


a. 17 


O.ftO 


? . ft 


» •• 


T .90 


O.ftQ 


3.*7 


?. OP 


o.O 


0,0 


?.PM 


P. 31 


o.o 


1 8.^7 


fl . o u 


-- 


s.oq 


1 .3« 


o.o 


n . ft o 


O.ftQ 


O.ftQ 


tt.17 


0,7<? 


o.o 


1 7. <* 


ft.no 


-- 


7,00 


0.0 


1.3o 


r .o 


0,60 


?,08 


,hQ 


p. 3* 


O.n 


M.10 


* . o o 


-- 


o oo 

• 


o.n 


1 .30 


1.3* 


o.O 


0.0 


1.30 


7 ,ha 


0.0 


1 1 .HI 


i n . nn 


•- 


PS. 09 


0,0 


,ftq 


«.a? 


o.O 


, 


r.n 


PS.ftQ 


o.n 


? . 8 ft 



r i ) i 1 1 " • ■ .s " * s 



?,08 



*.M 



7 ,fc<J 



P. 08 



S.Sft 



o,7? <>3,«Q 



O.ftQ 



1 00.00 



WF-Sl'LTAMT C'RRt^T IS 
Mf AM (-ijPUF'.'T TS 
"AXTmiiv f| 1 1 g p £ N T j $ 
M f n 7 M U M f I i w P p m IS 



5.11 C"/s 

7. ft? r^/s 

<?5.?fl e M /s 

o.^s c M /S 



at ?s5 ne fi from mohth 



TPTAL MH, «FAntKT,S l<lu 

PFRSISTFNfF TS 0,ft7 

HFAOT*U;s TAKFM M/FRV 10 MJN 



►iPTPo fiPpDATjnNiS 



H P T F R H P F p A T F ^ AT 
.s t a p T F n AT o , i o 

ENDPn AT ?3.ftO 



*.s ^ pwpM hottiim in 



"PS. 

H&S, 



on 



J1 



Th 
Th 



Ha v OF 
^A Y OP 



o, a h np *atf w 

S TH W(\*'TM 

S TM wpKjTM 



1077 
1077 



T A « l . F 1.07 



LHCATT.Vi 
APf- A 
LAKF 



rnnp : 

t 

! 



1117 
OWTAPIO 



r AK A 



pfptph 


! 


J I ' v 


71 


I 


LATTTUOt- 


; 


01 


1 7 


S* 


longitude 


• 


79 


'J 7 


*S 



FPFQOfcNC-V TAHLt 



OIBECTTOKJ fC ^ ' M T^^. FRO") T^j 0FG9FFS 



SPEFn fC M /* ) 



357, «;o- 22, So- 67. So- 11?, SO- 157, SO- 20?, So- 2O7.S0- 29?, 50- 
22.09 67,00 11?, 09 157,09 202,09 P07.09 292.09 337,00 



p n * s 1 1 M s 





o.o 




0,3.) 


0,02 


o.o 


, 09 


0,0 


0,07 


ft, 02 


0,28 


o.O 


o'. 9 




0.^1 


• — 


3.90 


0,09 


1.<M 


1.97 


0, 16 


0.16 


1 .02 


* ,9Q 


o.s* 


12.73 




o.oo 


-« 


7.90 


0,28 


1 ,1ft 


-'1,10 


0,16 


0,09 


ft.*l 


1 1 ,M 


0,19 


18.63 




«,0() 


— — 


1 1 .99 


0.12 


o.uo 


?.S9 


n.o 


0,09 


0,^7 


I '4 . 7 


0,12 


1M.77 




12.O0 


« «■ 


IS. 90 


0,02 


o, i o 


1.53 


0,0 


0,0 


0,19 


1«.?ft 


o.os 


1 fc.?0 




1 6 , ft 


-- 


19.00 


0,0 


o.os 


o.S3 


n.O 


0,0 


0.07 


1 1 , 7 o 


0,0 


1 2.3« 


I 


2 0,00 


" 


6 « . 9 9 


0.0 


ft.OS 


0,0 


0,0 


0,0 


o,0S 


20, ?S 


0,0 


?n # 79 


I 


roi 


ilMhi 


S U * 5 


0.93 


*.^1 


1 1 .?s 


0.32 


0,^2 


?.PS 


AO.OS 


o,pr 


1 0.00 



WF SI'I T4NT C.OWPF.NT 
"Fft^ riiPRFvT T5 
M A X I M ' I M f M O P F Si T I?5 
m I m t « 1 1 1- f*ilpP|CsiT TS 



IS 



10.91 c m /S 
13, 3S r M /s 

68. '19 r " / S 

oo C M /S 



AT ?S9 HhG FPD* k.Pi<TH 



Tf'TAL M1, WFAPT"'r.?5 OS?" 

PF*STSTF*»rE ts o,A2 

W F A P I N G S TAkf-N f-vP»v 10 * T \ 



"FTtP f'PFPATIH'jS 



* F T F 9 r i p p e A T £ r> a T 



a^l, m pcn^ ROT TO m Ti 9,0 '■ f>F *ATF« 



STAPTFo AT 0.10 mps. OK' 
F"PFl) AT 23. S^ MRS, P* 



1 Tm OAV OF 
30 Tm day pf 



6 TM *-,iMTH 1977 

8 T m m n *■ T m 19 7 7 



T &ui f- 



1 , ' I K 



l°c»t t i> r hf- . 1117 
LAKF | n n T a r t o 



fi»4 



pfw Tnn 


: ,n«| 


77 


L ATT tlJDf 


! «"* 


17 51 " 


I hmGITUDE 


i 7* 


U7 S*> - 



FRFiji'F vfY TAR|_F 











oi wf-r r it 


*■ ffn^-T 


«n FRO M > 


T j DFGPEF3 










SPfc f r> ef 


M/S ) 


M^.SO- 


*?,50- 


b7,«;n- 


1 I?, 50- 


157.50- 


POP.^0- 


?a7,mi- 


pgp.sn. 










PP.U9 


67. 40 


1 1 ? , ug 


1 S 7 ,£iQ 


? P , /J Q 


P (I 7 , 'J Q 


p q ? , /j g 


5i7,««J 


QOh S 1 J M S 




ft. ft .. 


ft.^,1 


n.n 


0.0 


0,07 


0.0 


0.0 


0.07 


0,18 


O.ft 


r ' . n 




ft, 31 -- 


^ 


OQ 


ft. 25 


"•** 


'.«? 


"•15 


°.2S 


o.^S 


"*, 00 


0,1 1 


& '.5 5 




a . n o . - 


7 


9Q 


n,a<i 


0,8<j 


P,87 


ft. 25 


0.15 


1 ,M 


8,18 


ft,S1 


1 a '. ^ 7 




«,nn „. 


1 1 


yo 


0.07 


0.7^ 


<.M 


\n; 


n .1S 


ft.7l 


1 0,8f. 


ft.pp 


H.O 




1?,0<) •- 


15 


R<? 


0,07 


0,18 


1 ,8^ 


0.0 


, OU 


o,u7 


1 l.*2 


O.ft 


1 a . a a 




|*,no .. 


1 o t 


Q3 


ft.oa 


0,0 7 


1 »?o 


,0y 


0,11 


ft.?2 


12,55 


ft , ft 7 


\ a ' r, n 


1 


?n,n<> mm 


71 , 


oq 


n.n 


rt.^U 


i.?n 


n,(, 


ft, ft 


ft, 25 


5?. 08 


0,15 


*3.7? 


! 


TOI i|MM 


8 H m S 


0.A7 


?. 18 


IP.^S 


o.5t 


0,b<? 


S.«2 


78,7; 


1,05 


1 n ', ft 



WFSllLTAM C 1 • P R ^ M T IS 
M F A W r 1 1 R F N T 13 
* A X T m 1 I " f* 1 1 P P£ N T IS 
m T SJ T M | 1 * c • • H P E ** T IS 



16.7? C^/S 
71.11 C*/8 

, n r "* / s 



AT PS7 OfcO F»pM S/ORTH 



TOTAL NO, RFAPTNfiS P7 4R 

PFkSTSTFnOF. TS 0,80 

R F A T * G S T A ir f n- f \j r p v in M T \ 



"F TF^ . iPFRAT t n^s 



•- F T F R n P F P A T F. r> AT P.S M 

ST/sRTFO AT 0,08 MRS, 0*J 
EM)FH AT ?,17 hPS, OK. 



FBDM frOTTOM TN 



1 Tm 
?ft Th 



OAV OF 
OAV OF 



Q.U ^ OF aATFR 

7 tw "H^m 
7 j m MfiMjM 



1R77 
1R77 



TA«l f- 1 ,09 



APE* 



coot 1 



1 11* 
Ontario 



CaNAI 



FWFOU6NCV TABLh 



PFRTnn 


! Jll* 7* 


L A T T T H f » F 


! u * 17 S* 


LPNRITunh 


t 7 'J 7 S^ 



niBtfTTOM fCP M TNC FROM) In DFGQFFS 



SPKFrXC"/*) 



n7,S0- 2?, SO- *7,S0- 11?. SO- 1ST, SO- ?0?.S0- ?u7.SQ- 292,«?0< 
??.a9 h7,U4 u?.«9 1S7.U9 ?0?,U9 ?U7,49 ?9?,a<? ^57.uo 



«r- 5 U M S 





0.0 


• • 


, "*n 


0,0? 


0.1S 


0,0 7 


0,07 


0.1? 


0.1S 


0.?7 


O.M 


o m «7 




n.%1 


• • 


fc.OQ 


1.? Q 


1.«3 


!?.o-* 


?.2l 


0,97 


1.91 


i*,9* 


t.SO 


"*H.fl9 




7,0 


• — 


M.99 


0,47 


0.U7 


9.^7 


0,17 


0,20 


1 ,oa 


18,1* 


o,sn 


5 o , * 1 




1 /J , o 


.. 


?n.oy 


o.os 


o,o? 


?.fco 


o.os 


0.02 


n.27 


10.09 


0,10 


i a . 2 1 




21,00 


.. 


?7.99 


O.o 


o.o? 


?,0* 


o.o 


0,0 


o.os 


S , 7 A 


o.n 


7.01 




2K.O0 


• • 


5A.99 


0.0 


0,0 


0.9? 


0.0 


0,0 


o.o 


*.*S 


,0 


a.P7 


1 


5S.no 


•• m 


1 ?R,90 


o .o 


0,0 


0,*7 


0.0 


o.o 


o.os 


?.*»3 


0,0 


*.*■? 



r hi i |m *. si |m s 



1 ,«o 



2 , * U 



?*.7? 



?.70 



1.31 



*.«7 



S7.17 



?.1« 



1 o n . o n 



KFSI'I TAMT f 'lB9h NT IS 
*FA*' PiIORFk-T TS 

m a x T mi i m r. ' i ^ D f Kj T IS 
mT^T'*hw rnMPFN"T IS 



s . o i C v / S 

1 1 ,A9 f '/S 

1 ? « . * S C M / 8 

o.o r " / s 



AT ? * 3 D F G FRO" M P B T H 



TOTAi Nfl, RFAOT^r,S aov 

PFwSISTfcriCE TS o,dj? 

PFAOINfiS TAKF*' Fv/f-wv 10 v T ► 



^FTFu .iPf »aT ["\S 



..t-rfw • i p t w a T f n at 



7 t; m From nflTT.1^ TM 



9, a 



M f 1 1- * A T F w 



STAHTFO AT 0,10 H03. ON ^ Trt HAY OF- h fM «omh J 97* 

hNDFD AT ?S.5* hrs. ft* JO TH n^v n>- h T* Mf)MH 197* 



TA«* V 1 , |»> 



LOC »TT'Vi 


r - 


»r»f. : 


A«E: A 




: 


IJKF 




: 



1 U* 

^"k| I*GT(JN r A*, a l 
'• r awtu 



P f T " P 


• l 1 'i 


7h 


L AT T TUDfc 


? u? 


17 ^ 


i 01 RITuDE 


: 7o 


'1 7 SS 



r p F I 1 1 ' H . M Y T A H L f 











niPETTTl 


TK f r n ■- 


r • . r, F tvOM 1 


IN DF'.RFFS 










SPf- rnrr 


*/<; ) 


537.50- 


2?«50- 


e>7.«v<i 


• t 1 ? m 5 - 


!S7,so- 


?0?.5o- 


?a7,^ )m 


?R?,^o- 










?2.«9 


* 7 # 'J Q 


11 ? . 'J Q 


1*57,49 


2 ? 9 u g 


? a 7 , /i Q 


?')? .UQ 


^ J 7 , a q 


ROw S ' l M S 




'•> , 


. lo 


n,07 


^.07 


, A 1 


n , a 5 


n.?0 


P . 5o 


5.23 


r>.?(i 


s. n 




n.31 -- 


p.rq 


n # 60 


l.ta 


'J , 7(1 


O.QO 


n.Sh 


*.A} 


S.7M 


»,7? 


1S.P3 




^.no -• 


q Qo 


n.«i 


O.PT, 


S.7* 


o,U7 


o,?5 


1 ,?A 


10,15 


i.m 


? . S <i 




h,ort mm 


QO 


fl .?7 


n.as 


<.7" 


o,?0 


,00 


* # S* 


I a , a 2 


n.M 


* * . "* 1 




Q.00 -• 


M .00 


n.nu 


0.1 * 


?.7J 


0,2?. 


n , n f 


n , "*h 


°.*z 


0,1 A 


M . 2 a 




tp.no -- 


ja.o<? 


1/4 


n.o? 


1 ,^<J 


n ,n« 


o.n 


n , l ^ 


A. IS 


n.M 


o us 


1 



ts.oo .. 


^,«o 


n .* 


0.0? 


1 ,#>« 


n.o? 


«#o 


n . ?0 


1 7 . ix \ 


0,0 -j 


iQ.an 




rrji 11 mm 


S ' 1 m s 


i.fla 


p. ^7 


P^.7a 


?.?e 


1.16 


*.72 


hU ,b'J 


?.«1 


1 n f ' # 1 n 



WF 3I'| T AMT niKREMT 
*FAK> r.UPPPNT TS 
^MTmiIm ("nwBEM IS 

m T m f m t j m C ' ' w R fc Ni T IS 



IS 



S.Ru C"/S 

9.5u C M /S 

SS.7S C"/S 

p.n r*/s 



at ?r?s npc; from ►,nt/TH 



TPTAl Nn t RFA^T^RS a 'J Mi 
PFRSISTP NO TS \M 
RFAHTMRS T A k h m F v F R v in M T N 



"KPW nPf RaT I On S 



^TFk 1 » £ R A T £ n AT 

ST&PTPO AT O.OA 
)E ; 3 at 23,57 



7 S M Fflnv MfUTfi* T\ 



hRS. 
hBS, 



0*> 



n 



Th 

Th 



f^AV DF 

^ av OF 



R,a m rip aATFw 



Th ^n^Tw 

T H M()MJM 



1 97h 
1^7b 



t &«ir 1,11 



LOCATTON r_oO€ i lib 

APfcA • BURHMGTO* Camai 

ia*f- i ONTmin 



PER TOM 


1 


Aiir, 


7* 


LATT THDF 


: 


a 3 


1 7 


S3 


LnsRITuni- 


: 


70 


UJ 


SS 



PRFQUE*CY TaRI_F 











&I»€CTTO 


n fcoMj N r, from) 


Tm DFGPEF8 










SPEFnrc 


*/81 


337. so- 


a?.so- 


6 7 , S - 


1 t 2.S0- 


157, SO- 


POP. so. 


?y7,so- 


?9?,S0- 










ap. "9 


67, UQ 


1 1 ?,<J9 


JS?,<J9 


POP, 49 


PU7.49 


P9?,u9 


337,49 


p n w S U M S 




o.n •• 


ft.^O 


ft. 31 


ft, Su 


^.PP 


n.12 


0.06 


0,19 


0,37 


0,2*. 


1 .*« 




ft. 31 -- 


?.Q9 


1 .hi 


l,*5 


a, 91 


1.59 


1 ,?0 


?.«« 


A. 15 


1 ,-39 


PP.9 4 




"$.0 .- 


S.99 


0,99 


1 .?7 


6 ,6<J 


ft, A3 


0,56 


P. 16 


l 0.Q9 


1 .17 


?a' m h\ 




6,00 -- 


Q # 99 


*.22 


P. Si 


■5.31 


0, 5u 


0.1? 


n.P'i 


1 1 ,Pu 


0.S6 


! A no 




9,00 -- 


1 1 ,og 


0,09 


o,?s 


?,QQ 


f>,03 


0.12 


0,5* 


7,07 


ft.?5 


1 1 . 36 




IP.OO .- 


1 4.99 


n,o 


ft, ft 


P.Ou 


^.03 


0.0 


ft. 12 


/J ,6f> 


o.nj 


6. 88 


I 
Ln 


IS, 00 .- 


ZjP ,QQ 


0,03 


n.ft* 


?.1 * 


ft.O 


o.n 


A , Afc 


11.1S 


0,03 


1 5 . a 3 


I 


r 1 1 j m n 


S 1 1 m S 


s«?« 


a, ft a 


P.'i.Pa 


P.7S 


2.07 


6,33 


5 3 , 6 J 


^.70 


1 no . 00 



RFSULTANT c' ,w RFnT 
*F A M C UR RF N T T S 

M A X T M : I " £ I J ft P £ N I J S 

M J M T m 1 1 m £ i | r U f rj T IS 



IS 



3.5* t"/$ 

7.78. c M /fl 

a A . n S C " / S 

00 rvs 



AT ?h5 DfcG FRO* north 



TOTAL \n, RFAHT»or;S ^ P 3 "> 

PF»8I8TFMrF [$ 0,/ih 



* f t f- v n p r p \ T 1 n r j s 



►*FTF.R iiPFRATFH AT 

STARTFH AT 0.07 
t-\ijF-n AT M.US 



7 s - n.'f^ «niTii M Tn 



MPS. 



I IK. 



1 Tm 

P 3 Tm 



ha v pf 

PAY Of. 



9,<4 



PF ««TF,; 
X h M f)N T> 



197h 
197 s 



ta*i *• 1,1? 



L nc A t T >)m r i ' r*f : 1 1 1 fc 

A OF A I RM^I I^ijT.lN fA"M 

LHF j ONTARIO 



niPEfTTr)* rcnMTN«; fho«0 tn i>f_gpffh 



PFRTiin 

i. at TTilOE 
i r- r, i TunE 



i ■ s r t 7 a, 
a5 17 s t> 

79 'i7 SS 



s n K F r> r r m / «; , 



M7.50- >?.So- h7,t,o. M?.50« 157, SO- ?np,Sj. ?u7,So- ?92,S0 
??,*|9 >>7,<io |1?. (iq 157,49 ?Q?,'49 ?u7,a9 ?9?,49 $}7, UQ 



» n m s 1 1 m s 






o.o 


— 


n 


,*0 


0.1 5 


r ,U 


0.7? 


o , a 9 


, ? 


0,00 


0.?? 


o.Oa 


? *. A 


n.M 


-• 


(I 


,0q 


1.3* 


?.<*? 


* .06 


1.70 


1 ,66 


?,po 


7, HO 


1.39 


?7.o? 


s.oo 


• • 


Q 


,99 


*.?7 


0,9*. 


Q.59 


^.S6 


0,63 


*.<*2 


I2.M 


o,?o 


?7.31 


tA.no 


-- 


1 '1 


00 


o ,o 7 


0.07 


7.7, 


n.*5 


o.ou 


1 .M 


10,0m 


0,07 


?f . 79 


i s , o o 


-- 


10 


00 


0,0 


o,0a 


t . i 


o,o 


0.0 


, *h 


6,5(1 


n.o 


1 1 .oa 


?o,oo 


-- 


?<> 


OQ 


0,0 


o.n? 


1 .M 


0,0 


n .o 


o , Vj 


a,?3 


o.o 


h,P1 


?S # O0 


-- 


77, 


QO 


0.0 


o.o 


n.7fe 


0,0 


o.o 


0,1* 


«,M 


0,0 


S.Hfj 



rui i» m n s" m s 



1 ,Pb 



3.^7 



^?.^9 



*,00 



?.S5 



*,*9 U^.Ot, 



1 .79 



1 00.00 



PFSl'l TAMT ri'RRfcNT 
*FAM rijOpF'iT TS 
MAXTMIIM CMPRfNT IS 
^TMTm'Im f^ijQRf., NT IS 



IS 



T>.hb C-"/S 

10,08 c * / S 

77.00 C M /8 

0.0 c*VS 



AT Pal f)EG F-90K* !\.n&TH 



total no, k f a n t *i c s a a * a 
PE«9ISTEfcCfc TS ^.35 

WFAHTMf,S T A k F m F V F R V 10 m T N 



-FTF9 OPFRATjnNS 



w F T F R P fc R A T £ H AT 

S T A P TF n AT 0,10 

F\nF() AT ?S.S« 



7.«; - FROM ROTTD" In 



^9S. 

MPS, 



f)N 



TH 

Th 



HAV 



PF 
OF 



o. a 



1 o 
1 o 



^F aATFR 

T m m (1 N T H 

T h wf)K.TH 



197h 
197* 



TA«L> 1.13 



mc»TT 


l» 


mni 


i 


\\\h 


ABF.A 






i 


&ijri inc;tqn 


LAKF 






i 


MNTA3T0 



Canal 



pf^tuo • \Hv 7* 

LATITimC ! at, \j m 
I ONG I T I lOE i 7 « 'J 7 S S 



FOFQIIfK>CV TA^LF 



OIPECTTON fCHMTNT, fro*) In DFgoffS 



SPtFn fC*/S) 



337, SO- 2?. SO- 67. Sn- 11?, SO- 157, SO- ?0?,5n- ?a7,So- 29?. 50 
2?. 49 67, U9 11?, 09 lb?, 49 ?0?,49 ?47,'J9 ?9?,49 337,49 



« n » S'i"S 






0.0 


— — 


n. V) 


o.o* 


n ,09 


o,3a 


n,09 


,09 


0.23 


n.03 


0,0 


n .9 1 


ft. 51 


— — 


?.99 


0,1/4 


0.88 


*.*? 


o,«8 


0.S7 


1 ,8a 


3.05 


n,?w 


i a . s a 


3,oo 


-- 


S,99 


0,06 


O.Sa 


«.*5 


o.a* 


O.ta 


?.*1 


7.11 


n .17 


19 '.95 


6,00 


-- 


A .99 


0.1 1 


o,2i 


«,£fl 


o.la 


,0* 


1.3? 


7.57 


0,11 


17. HI 


9, no 


-- 


1 1 .99 


n, n 


,0b 


6.63 


n.Oi 


0.03 


n,99 


6.SS 


0,0 


1 a.?9 


12,00 


-- 


1 4.99 


o , o 


0.0 


/j ,99 


0,0 


0,03 


n,6S 


4,6? 


0.06 


10.-35 


ts.no 


at — 


SP.99 


n.n 


o.n 


7.6? 


0,0 


o.o 


n.6? 


13. P9 


o.o 


? ? . 1 4 



CUI [JMN s |f ^s 



o, w 



1 ,79 ax , op 



1 ,6? 



0,91 



p. , a p a ? , ft n 



0,6? 



1 n n no 



mpan. r U R R F n T T S 
MAXT^uv fiiipppMT IS 
M T M f m f I ** C M « 9f N T T S 



IS 



?.?6 C M /9 

1 n,39 C*/S 

S?.39 r-/s 

o . oa f"/s 



AT ??fe OEG Fuhm WORTH 



y'TAL NO, WFAniMGfl 3S?* 

PFWSISTFNCfc IS 0,?2 

RF APING 8 Uk(.h FVFPV 10 mj^ 



MPipp ;)Pf. »a7 IH'jS 



^FTFw ..T" F W A T F n a T 



7 .S 



fK ft " BOTTf)** i ?>j 



9. a * of ..HFW 



STaRTFO at 

F.MOFn at I l .57 



o , n » 



H9S. 



I * 



1 Th 
?S Tm 



DAY 

r.AV 



OF 



1 1 

1 1 



Tm "nv Tm 

XW MQkJfH 



1 97m 



TA*l_F 1.14 



i nCATTO*" rno>F : ill* 

A&FA l 4URLIMGT0M 

I A k F | HNTiHin 



f AMAI 



PF * Tnn 


! ►'Av 7 7 


L* MTUDE 


! /J * 17 51 M 


l HNRITUDfc 


, 7 o 07 tm * 



FPf-QI'F* C.Y TA»l F 













OlPFfTTO 


* r c n - T N. r, f RO M 1 


I ni o r r, p f ■ f s 










SPEFnfC 


M /S > 


137. *0- 


22, 50- 


frT.50* 


1 12.50* 


1S7.SO- 


?0?.*0- 


2a7,5o- 


292, 50- 












r>?.U9 


67, (JO 


1 IP. 'JO 


i S7,a«? 


2 2 . U 9 


?<J7,<jg 


?q?,UQ 


337, ao 


enw sm ^ s 




n .* 


• — 


o.lO 


D.n 


0,0 


0,0 


o.o 


o.O 


0.0 


0,0 


0,0 


0.0 




«.11 


m » 


6.0Q 


«.« 


1.19 


fi.PS 


1 ,7a 


1 .04 


u ,3a 


in. on 


o ,*7 


2O.K0 




7, on 


-- 


1 3.0Q 


o.3s 


t .0*1 


11.11 


A.52 


0.17 


*.12 


17.10 


0.52 


3 . t 




1 'J , n o 


m m 


? n.oq 


0,0 


o.-m 


5.Q0 


".17 


0,0 


0.S2 


q .7? 


0,0 


1 6 * h 7 




*>1 ,00 


-- 


P7.9Q 


o.o 


0.0 


1.30 


o,17 


0,0 


0.17 


h.?S 


0,0 


7.P0 




■?*.00 


<• • 


5 a m o q 


o.n 


0,0 


n . p 7 


o.O 


0,0 


o.3s 


3, 4 7 


O.o 


d . h^ 


1 


5S.no 




1 1 fc.oo 


0,0 


n.15 


1.1? 


0.0 


n,o 


o.o 


3.U7 


0.0 


h>'J 


1 


roi 


||MM 


SMMS 


ft.P 7 


3.1? 


31 ,?S 


?.f*0 


t.22 


*.*! 


S1 .oa 


1 .30 


1 o o ' m n o 



P F S I > | T A * T C < ' R P £• M T IS 
M F A N r I J P R F N T IS 
MAXT M "M rnwPpNT IS 

v j m t M i i v. f 1 1 p p f N T IS 



4 . J c M / s 

14.73 r^/s 

1 1^. 2 7 C*VS 

. 7 h C •* / S 



AT ?S0 DfcG PROM \nwjH 



TOTAL NO, WF-APTNTnS 576 

PF-WSISTEN-Ct TS 0.27 

PF-APINGS TAkpM FvFPY 10 * T N 



' ' F T F P QPFPaTIOKjS 



" P T F P dPFJPATFfi AT 

START F!) AT 0,10 
FMDFf) AT ?3.6f> 



7.5 " Fwnw unTToM in q.a ►• of uater 

^PS. 0^ ?«Th PAvnF 5 TH MOK»TH 197 7 
"PS, nM ^1 TH PAY (IF 5 TM M 0*TH 197 7 



TA* L F 1.JS 



LOCATION rnop , 1 1 1 #s 

AREA i BII«LINGTO*i 

LAKf- : OMTaRTO 



F ANA! 



i atttiipf- 
longitude 



JIM 

u3 
70 



11 
1 7 S3 
/J 7 S^ 



Fpfquf. K 'CY TaRi.F 











niRtrTTci^ rcOMTWf; from) 


U. DFr,o 


PFS 










SPF-.Fn rr.^/«; 1 


337. S0- 


22. Sn. 


6 7 , 5 r» - 


1 12,50- 


157. S0- 


202. 5Q« 


?a7.S0- 


292,50. 










22.«9 


67, /io 


1 1 2,aQ 


157,40 


202,49 


247, aq 


202.40 


337, ao 


R n w ft u m § 




0.0 


0.30 


0,07 


O.no 


n,o? 


0,02 


0,0 


o.OS 


0,07 


, no 


'. a 2 




0,31 — 


3.«9 


O.M 


1 ."1 


a, fee 


0.37 


^.35 


1 .20 


5.21 


1 .02 


15.07 




a, 00 -- 


7.QQ 


0.65 


1.3a 


6.32 


0,30 


n.25 


1.76 


1 3. Oh 


ft. 72 


211.37 




R.OO -- 


H.^Q 


0,21 


o.Sh 


a ,5<i 


0,21 


0,09 


o,7a 


l«.M 


0.2« 


21 .2< 




l?«O0 -- 


t^.QQ 


0,1a 


0.25 


?.57 


o,09 


o,07 


0,3? 


11 .39 


n, 1 a 


1 a .os 




1ft. 00 -- 


IO.OQ 


0,07 


o.u 


1 .30 


*.oa 


0,07 


0.1? 


7,*2 


0.07 


Q. 7 


1 

fc/i 


20.00 -- 


71 .99 


0,07 


o.os 


1 .*2 


0,09 


0,02 


o,2ft 


1 1 .90 


0,1a 


1 a. 2^ 


l 


rni n m n 


S • ' M s 


2.0 a 


3.*2 


21,13 


1.11 


0.A6 


'J , u a 


6a, 1 a 


2. as 


1 n . 



RF SI'I TAMT C'PRf- njT 
* F A ta r U P P f M T T S 
MAX Tmiiiw C^PWP.^T IS 
MTNT^HH rnoPfc-MT TS 



[ft 



6.*o c M /9 

11.70 C » / 8 

71 .75 C"/S 

r * /s 



AT 2b 6 OF_r, FRO" »jnPTH 



TOTAL *O g RFAnT'ir*; tf52U 

PERSIST&MCE TS 0,5* 

P F A n T M; S TAK^m FvPpY 10 M f 



►*F Trp mpf p a t f ons 



mPTFW (.tPFWATf-n AT 



7 u m FPO»-. ROT TO* I'm 



o.a 



OF 4 A T F W 



STAPTFI 
F N I ) F" ( I 



AT 0,10 

at 23. 5* 



hPS. 

MRS. 






1 Th 



OAV OF 

oav of 



TW m O M T H 
T" »>fU Th 



1 977 
1977 



TAK| F I l|i 






L n C A T T n* 


r no* : 


APfA 


: 


L A*F 


: 



1 11* 

HNT APIO 



p> PTnn j .mi 77 

L AT TTHDF • a^ 17 ST 

tot r, TTunp . 70 ui ss 



FRF jut kCV TaBl .t 











n 1 p l r t t r 


K f t n m T iw G F p h ) 


Tn OF Go 


FFS 








SPtF 


nrc 


*/q "* 


3 3 7 . 5 • 


22. SO* 


67, 50* 


1 12.50- 


157,50* 


20?. 50- 


P /1 7 , S » - 


?9?.50« 










22. ag 


67, ug 


1 1 2./19 


1 S7,U9 


20?, ao 


?a7,49 


29?, U9 


.<*7.ao 


p n * 3 u m g 


ft.ft 


• • 


, 1 


ft. ft 


0.0 


0.0 


ft. ft 


^.05 


. 1 r, 


0,07 


0,0 


0.?* 


ft. 31 


• - 


/J t OQ 


0.S6 


1.31 


S.7M 


0.56 


0.30 


X,?H 


*,07 


0,7* 


1 a f h i 


S, no 


•- 


m oq 


n.'js 


1 ,up 


7.^9 


ft. 53 


^.3^ 


1 ,48 


1^.71 


ft. 72 


? 7 fl 


|ft.0(J 


• • 


I . « J 


ft. 16 


^.3* 


5.a/R 


*.l6 


0.10 


1 ,OR 


IP. 07 


0.16 


? ft . a 


is.no 


• «■ 


1 O.QO 


n.n^ 


ft.2o 


?.53 


0,0 


0,0? 


*.^3 


10.47 


0.10 


M.^-o 


2 n . 


• m 


?'J,QQ 


n . n 


O.lfe 


i.3« 


0.0 


ft. ft 


0.23 


*, 1 u 


n , 1 n 


P' 1 


2S,oo 




7^.ocy 


n.n 


ft. 13 


1.5« 


ft.ft 


n # n 


o.M 


0.6S 


0.20 


H.f.5 


rm 


|MN 


sums 


1 .21 


3.6(1 


2^.10 


1.25 


n,79 


h ,P9 


60, OH 


?,A«I 


1 no . on 



^FSi'LTA^'T C"P p F r»T 

m F A ► r U P p F N T IS 

u A X T "i 1 M £f IR P £ N T IS 

"TNT m I* C"P D f- NT IS 



TS 



6 . P u C * / 8 

13,16 0/9 

7S.S7 C*/S 

0,0 c M / s 



at ?Sb hfg FpriM Njn»TH 



TPTAl. NO, »Mnr»T,S "*0'J6 

PF«8ISTENCE H n,S2 

Wp APINGS TAKKN F- V PPV 10 "T\ 



1 'PTFP M P F P A T I Kj 3 



MfTFR r PFPATFH AT 

S ' A 7 F D AT 0.0 » 
F-NOFD AT 3.57 



7.q m PROM ROTTHH TN 



MPS. 

"OS. 



ON 



1 Th 
?? Th 



Ha v 
Oa v 



OF 

OF 



o.a "OP aATFp 

7 TM month 
7 th mm*-t h 



1977 
1977 



LOCATTOM 

AREA 
LAKF 



rnPF ; 



1101 

HIIRI IKJGTQN 



Canja 



UPLf 1,17 



PRFQUFN.CV TARUt 



PFwion 


! ,H • 


7h 


LATTTHD* 


! 4* 


17 5^ 


LOmGITuPF 


! 79 


a? ss 



OIRFCTTOM rCHMTNT, FROM) I* DFGPF.P'S 



SPfeFnrc°/S ) 



V37, S0- 
??.49 



22. so- 

67, 49 



67. SO 

1 i ?.49 



1 12.S0- 
1S7.49 



157, Sl)- 
202, 49 



20?, So 
247,49 



2<i7, 50- 
2<V,49 



29?. S.i 

3*7,49 



» o >■ su M S 



0,0 

7,00 
14,00 
21 .00 
2«.O0 
iS.OO 






6,99 

1 T.RR 
?0.99 

27.09 

*4.99 

IPS. 99 



0,0 

0,A9 

0,42 

0,0S 

0,0 

0.0 

, 



o.in 


".25 


3.0A 


16.6a 


l.*9 


13,10 


n.l? 


6,?7 


o.os 


2.26 


0,0? 


1.29 


n.os 


, 6 4 



0,05 

1.71 

0,30 

0,02 

0,0 

0,0 

0.0 



0.0 

1,04 

0,30 

0,0? 

0,0 

0,0 

n.o 



0,1? 


0.2? 


n , 


S.Sb 


14,71 


1.14 


2.36 


1 1 ,«6 


0.37 


0,6? 


fr.2n 


0,05 


0.1? 


5.t? 


0,0? 


0,0? 


1 ,5* 


0,0 


o, 1 o 


1 ,s* 


n.n 



0.74 

n 4,77 

3 f ) . A 



1 1 

S 
2 

? 



57 

S« 
oo 

36 



miHMNj § 1 1 y s 



1 ,3b 



5.01 



40, 4S ?.0« 1,56 P,9fi 30.24 1.S9 lOn.00 



R F S I ' L T A v T C I I w R E * T 

m F A ► \ rnBP^^T T s 

m A X T M 1 1 * fii^p^^T IS 



IS 0,95 C M /S 

I . 4M C V /S 

125.98 C V >S 

c/s 



AT 2S« DEG FRO" MHRTH 



total ^n, r f /i n [ m r, S 4 o S ? 
PF w«USTF' ft TS 0,09 

RF/ A O t toG S T A k f. m f-t'^v 10 m T \ 



m f T r R nPFOftTjn^s 



"FTFW .1PFRATF0 AT 6,1 M 

startfd at o.os wrs. n* 

FMOFO AT ?*.S3 hRS. Ow 



p. wp - ^OT To* T n 



3 Th 
J(> T* 



OAV OF 

pay of 



9,4 M OF- UIM 






1 c ->7^ 
197n 



taolF 1.1* 



L f TATTi?\ r ,^f 


: 


APfJA 


: 


L.AKF 


: 



1101 

RM«| INGTOM Ca*ai 

ONTARIO 



^ I W F r T T fi -; fCOMTNfi FHOM) Tn OFGRFFS 



mf n ton 

I A T T T U U f 
LONGITUDE 



I'M 7* 
a \ 17 S 3 
70 A7 SS 



spe^ofc M /.s) 



3*7, SO- #2. So. 87.50- 11?, SO- 1S7.S0- ?0?,S0. ?47,S0- ?9?,So, 
2?,'J9 h7,(jo MP, 'jo is7 t ao ?o?,a9 ?u7,<j9 ?9?,u9 3*7, uo 



» r .. s i j m s 



DO 



o.o 

^.31 

3.00 

6. no 

9. no 
1P.00 
is.no 



?.99 

S.90 

fl ,09 

11 ,«9 

1 /I t 0q 



0.11 

o.ao 
n,?g 
, ? 

0,09 

0, 

n.fl 



f.n 


».*s 


?.17 


1 n . 6 <i 


1 ,3<l 


».53 


0.P7 


7 .?'J 


o.3a 


'J , * u 


o.?n 


*.l<i 


0.11 


a. 12 



0,16 
0,78 

0,69 
0, 1b 

<\U 
ft.O 

0.0 



0.1 5 
0.63 

0,1 1 
0,09 

o.o? 
O.o? 



o,U3 


1.23 


?.7fl 


«,0/j 


1.93 


10, 7S 


W?3 


7.35 


n.«3 


u ,46 


0.13 


?.75 


o ,?0 


S.flS 



0.16 

0.9? 
0,7 a 

n , nil 

0,07 

o .0 



3.90 

?7.?6 

1 7,?9 

10. 50 



r o i • i m N sues 



1,10 



S.17 30,»S 



1 ,90 



1.™ 



7,?i ai # 3l 



?.o^ 



i no . no 



9FS"LTAMT C • l W R t M T IS 
MFAM CURRFnT IS 
MAXT W,,M Ci'PRF^T IS 
m 7 n f * 1 1 P c • • »» ° F ^ T IS 



0.60 C"/S 

6.91 C M /S 

uo.oi r-/s 

o.o c*vs 



AT ?6l OEG F9H" vPHTH 



TOTAL N n , k F a n I m r, S HUhU 
PFWSISTFnCK TS O f ng 

F A n I N G S TAKpK, F V F p v 10 «T^ 



" F T F p f i p e w a T i n n, s 



"FTFR C>PERATEH AT 



S T a R T F 
FMDCD 



AT 

AT 



0.03 
23. S? 



A.I 



MRS. 
MRS. 



OK' 

ON 



FROM BOTTOM In 



*! 



Th 
Tm 



DAY 
DAV 



of 

OF 



9, a ► OF wATFR 



TW 
Tw 



MOMTM 
m o *j t m 



1976 
1976 



TAHU t.lQ 



LOCATION 

A9FA 

UAKF 



rone i 



1101 

BURLINGTON 
ONTARIO 



Canal 



FREQUENCY TABl> 
DIRECTION (COMING FROM) In OEGREFS 



p f- w T o n 


I A 1 1 r 3 7 *. 


L ATTTHOF 


: 4 3 17 <,3 


LONGITUDE 


I 7R U7 SS 



SPFFf>fC M /S) 



in, so- 2?.5o» 67. so* mp.so* is7,so- ?o?.so. ?«-7,so« 2r?,so 

??.4R 67, 4R 11?,'-JR 1S7.UR 20?, 4R ?47,4R ?R?,UR 3*7, 4Q 



R n -i Sums 





0.0 


-- 


0.30 


0.03 


0. 1 R 


ft, so 


o.OR 


,0R 


*.?? 


0.38 


o.o* 


1 .S7 




0.31 


* • 


?.RR 


o.so 


1 .«? 


R.3U 


1.19 


0.7? 


?.?3 


8. Oh 


1 .1P 


?s.os 

? « '.4 6 




3.00 


-- 


S.RR 


0.31 


1.10 


1 0.7M 


1 .16 


O.Sfe 


1 .44 


1?.10 


1 .no 




6,00 


-« 


fi.QQ 


0.16 


o.so 


*.*S 


0.13 


0.03 


0.7? 


7.6? 


o.3ft 


16 1fl 




R.no 


-- 


1 1 .RR 


0.16 


o,?s 


4.RS 


ft. 03 


0,0 


0,38 


S.*3 


ft.?? 


! 1 .A«i 




l?.O0 


«* •» 


1 a. PR 


0.0 


, OR 


?.RS 


0.0 


O.o 


o,1 3 


^.' J ? 


ft. ft 


6.S« 


1 


IS, 00 


• ™ 


a « . R R 


n.O 


0.13 


3. /J ft 


o.o 


0.0 


ft. 13 


6.SS 


ft .03 


10.31 



roi iimnj sums 



1.16 



4.11 38. 6S 



?,60 



l.M 



S,?4 a3, RS 



?,ftft 



1 on . on 



RFSUL.TANT CURRENT 
M F A N TURRFNT TS 

maximum c"R r fnt rs 

MTMImiim ri'tfOpNT IS 



IS 



i.oi r.**/s 

7.06 C M /S 
44.06 C M /* 

o.o r. m / s 



AT ?71 OEG PROM north 



TOTAL NO, R F A n T *' r; S 3 1 R 
PFRSTSTFnCF T <? 0,14 
RFAOING? T A K F » ■ r\/FWV 10 m T N 



"FTFR OPf"PAT[ONS 



MFTPR OPERATED AT 
STARTFO AT 0,0? 

EWOFO AT 3.3 



6,1 m F R v BOTTOM IN Q.4 



MRS. 
MRS. 



ON 
ON 



1 

?3 



TH 
TH 



DAY 
OAV 



OF 
OF 



O F ». A T F P 



TM 



M ,■ ) Kj t k- 

Mfi^'TM 



1 R7h 
1 R7* 



▼A«lF 1,«>P 



L^CATTP"- r |TF • HOI 

A»£ A I B'l»i I^GTON CAN»A| 

I A K F | Ni T A « T D 



p* » t o n 


• 


n r t 


7* 






1. A T TTMDF 


: 


a! 


1 7 


s < 


"J 


LnN.RiTur»E 


• 

• 


7^ 


a 7 


SS 


* 



FRFQMf ll fV TA«LE 











M*C CTT0N 


rrn- 


MG F^Om) 


IK- OPRQFFS 










S^tFrifC 


*/SJ 


M7.S0. 


^,Sn- 


8 ? , S ft i 


• 11?. S0- 


1S7.SO. 


?0?.So- 


PU7.50- 


pg?.sn. 










2 2 , ti 9 


87.dg 1 


\? t u* 


1 S7 ,U9 


?0?.<J9 


?H7 ,uq 


?9?,49 


* 3 t , a 9 


00t» 3tJ*S 




o.o 


o . <r> 


0,1h 


r.?S 


P.fl7 


0.0 


0,0a 


n,15 


0.?7 


o.?S 


r.s7 




o.^l .- 


/j 


. QO 


0.US 


?.7l 


7.A9 


1.37 


0.U9 


i ,1a 


o , og 


?.1 1 


?«,.j?s 




S,oo -• 


Q 


iq 


n, ma 


1 ,2fl 


in. "35 


1.03 


ft .l8 


0,©0 


ltf.?0 


0,*»n 


Pfl'.PS 




in.no •- 


1 a 


qq 


n.i i 


0.47 


*.*3 


0,09 


o,o« 


0,«3 


1 1 ,«5 


0,18 


? . ? 1 




IS, .. 


1Q 


,oq 


n,n2 


rv.?s 


/j , 7q 


0,0 


n.o? 


o,?g 


8 ,8* 


o , r>? 


\ ? ' * 




?o.oo .- 


?0 


09 


0,0 


o, 1^ 


?,H'J 


0.0 


o.o 


, 1 h 


3.«5<l 


0,0^ 




I 
o 


?5,00 -- 


7Q 


og 


o.o 


o.oa 


1 .«1 


0,0 


0.0 


0,07 


fl,59 


o.o 


2 


i 


Ct)| l|Mfc 


SUMS 


1 ,oa 


■5.15 


S fi . « 3 


2.HQ 


0,78 


*.l 1 


a9,82 


3.1* 


1 n r» . n o 



R F 8 1 » t. T A * T c M R B E W IS 
^feAK' HURRFnT TS 

"AX Tmiim CMRPE NT IS 
mTNT U| Im p 1 1 o p p m T T S 



?.ss r M /s 
10.73 r - / s 

79.0? C M /« 

o.o r»* /<? 



AT ?6l OfcG From north 



T f 1 T A I NiP, Rf A n J *lf;.S /j i *, a 

PFRSISTFNCF ts o,?/4 

WFAf>TM(»S TAkp h(FPV 10 MTN 



"FTFR nPFRATlONS 



o P T F P. f)P£pATFn AT fe.1 m 

S T A B T F I) AT 0.0S mPS, p * 

EMDFO at ?3.s^ hPS. nw 



FHOM Rf)7Tn M Tn 



T1 



TH 

Th 



OAV 



OF 

OF 



9. a M DP wATFp 



1 
10 



TM 
T« 



"rv.'TM 



ig78 

1978 



ta«lF i,?l 



L n C ATT 
APf- A 

lA*r 



IM rnHF j 



I 101 

«UW| JNGTON 

DNT AWTH 



f A*, ai 



PFPTPP 


I 


v n v 


7k 


LATTTlin? 


: 


aS 


1 7 


S * 


I nsniTiinf 


: 


70 


fl7 


e;S 



FPFQHFJSCY TABl,F 











nioerTTO^ (tominc; from 


In ofgpf-ps 










SPEFrwc 


V»l 


*37.SO- 


22. So- 


87,S0» 


1 12.50- 


157,50- 


2 ? . 5 - 


? a 7. 5 ft* 


?92.*n. 










2?,<J9 


67. uo 


1 1?.UQ 


1S7,a9 


? 2 1 « 9 


?47,A9 


?9?,a9 


337. «9 


Qnhi SU M S 




o.o .. 


0.30 


0.12 


O.OQ 


!>, *7 


0.0 


f> t 1<i 


ft. 23 


ft .^^ 


O.o 


1.27 




o.tji .- 


?.Q9 


0. 1? 


1 .5? 


a ,60 


n.7s 


0.U6 


1 .1? 


u.?« 


o. 1 ? 


1 ? '. P 7 




3, no — 


S.Q9 


, ? 


1 .08 


7.S9 


ft. 17 


o.1a 


1.*2 


A. OS 


0,17 


1 » Q 2 




6.oo .. 


« .99 


0,?0 


o.M 


7 ,^fi 


0.17 


0,09 


n.^s 


P. 11 


0.1 7 


1 7 . s n 




Q.oo .. 


1 1 .OQ 


0,n3 


0.26 


fc.SR 


n .1? 


, Oh 


o , ao 


7.16 


0.1? 


1 a ' 7 ? 




l?.oo .- 


1 <J.99 


o.n 


0,26 


'i.7a 


0.0 


o.oj 


n.^fe 


*.15 


n.03 


1 '. A 7 


I 

a- 


is.no - - 


S*,99 


o.n 


o,^ 


8.91 


0.0 


0, 


0,09 


ifl.au 


0,o 


? 3 '. A 6 


I 


cni iimn 


SUMS 


0,8b 


a.?« 


an ,a« 


1.2! 


0.9? 


a. 37 


a7,a7 


,80 


1 '. i) 



Of-S"l.TAMT cirpi-mt is 
mFAk niOUFM TS 
••i A X T « i l M f I 1 P F. N T IS 
mtnTmhv fURPFNT TS 



1 ,55 r*/s 

10.78 C M / 9 

5 n . l a r " / s 

oo r.w/s 



AT ?S9 OFG From »;OMh 



TOTAL NO. Rf> A P T *l£ S t a 7 H 

PFWSISTF^CF TS o f1a 

RFAHIMRS TAKf-M FvF« v 10 M T is, 



-irrro mpppattpnjS 



m^TFW ijPFBATtn AT 



1 



STASTFO AT 0.03 MPS. ON 

FMOFD at 3, a? hPS, pm 



F P M r< n t T o M T N 



1 

25 



TH 
TH 



HAY 

Pay 



pf- 



Q.'J M OF *ATFk 



1 1 
1 1 



TM M|]f TM 

th Mf|\ tm 



197* 
1 97^ 



U«t* imii 



! OCA 7 T«>N 

APf- A 

l AKf- 



r o n ( : 

: 
: 
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PI IP | IftJGTO" 

ON tap in 



fA'AI 



pf> inn 
l at TTiinf 
LO- RITUDf 



■'Ay 77 
4^ 17 ?»3 
7 '17 SS 



FRFQ'lF"CT TAHLf- 













HIPECTTOK 


ftPMT* 


r, runM) 


Tm DEG»fF3 










R P t F n f C 


M /S1 


33T.«?G- 


22.50- 


^,^0. 


1 12.50- 


1S7.S0- 


?0?.*0« 


? a 7 . ^ • 


?9?.«in. 












? ? , /J 9 


b7,49 1 


t?.«P 


1S7, 49 


? ? , a 9 


? a 7 , a 9 


?9?,49 


^7,49 


Pnw SU M S 




n.n 


— — 


. 10 


n.n 


o.O 


r .H 


0.0 


0.0 


0.0 


n.n 


^. n 


O'. n 




A. 31 


-- 


^ 


Ot) 


S.30 


8.51 


0.5? 


1 ,04 


1 ,«%*> 


fc.77 


0.17 


1 .?<> 


?V.o'J 




ft. 


• • 


1 1 


oo 


1 , rta 


IB. 23 


1 .?? 


0.52 


,*9 


*.M 


0.0 


0.«J? 


■<n.s* 




12.00 


• — 


1 7 


QO 


H.S2 


ia.03 


O.O 


o.O 


n.17 


*..9u 


0.0 


0.0 


? 1 > ^ 




1 8 . ft 


m m 


?* 


QQ 


0. 1 7 


8,85 


0.0 


A .S£ 


0.0 


3.*? 


0.0 


n.n 


13.37 




,><J.no 


m m 


?°i 


QQ 


0.0 


^>.?h 


n.o 


0.0 


0.0 


1.°1 


n.n 


n.n 


J . 1 "7 


1 


io . on 


m m 


1 1 o, 


og 


n .° 


*.*? 


0.0 


0.0 


n.n 


3.^7 


n , n 


n.n 


7 . ? 9 


! 


COI 


j|M*g 


Sl'MS 


■5.0? 


Sf.ftO 


1 .70 


2,08 


?,as 


3 . ? 1 


0,17 


1 .7a 


inn.no 



kFS"| tant cuppemt 

"FAW rijRRJ-M is 
"AXTmiim Cl'P^fc'^T IS 
M T N T M ■ I m c 1 1 Q P f M T IS 



1 0.08 C M /S 
1 10.79 C M /8 



AT 



48 OFJG Fphv ^npTH 



TOTA|_ NO, PpAf>TMr.S S7h 

PERSISTENCE TS o,? fe 

PFAOIK'GS T4^'i FvFDV 10 WIN 



* F T F p n p f p a T I r \i S 



"FTFR (JOE.PATEP AT 
STAPTFP AT 0.0S 

E^oen at ?3.ss 



mi m ppnv bottom T n 



"PS. 
hRS. 



ON 



*1 



Th 
Th 



Hav 
oav 



OF 
PF 



Q.<i 



OF -ATFP 



TM 

TM 



M()NI TH 

m n r 1 t h 



1977 
1977 



TAR L * 1.2* 



loc a rrr^ r.onp : 1101 

A P F_ A | BURlINGTON 

IAKF | OMAPTP 



CANAI 



P F U T f ! Jl I \ 7 7 

LATITUDE | U 17 Si 
LONGITUDE ! 7P 7 SS 



FREQUENCY TaBlF 
DIRECTION fCP"TNP, FROM) I Kj OEGPFFS 



SPfcFprc w /S> 



337. SO- 2?, So- 67.^0- 11?. SO- 157,50- 20?. =-0. ?a7,5n- ?9?,5o 
2?. UP 67,00 11?. UP 1ST, UP ?0?,49 ?U7,09 ?9?.U9 *S7,09 



p n * s i i M S 



a- 



o.o 


-- 


o,"*o 


0.07 


0,<19 


f>.12 


0.02 


0,0? 


0,09 


0,07 


o.os 


0.93 


0.51 


-• 


^.pp 


1 .06 


7.<M 


0,76 


0,16 


0,39 


*.*1 


0,76 


0.U6 


16. S^ 


'J, 


• V 


7.PP 


D."i3 


1 S . ft 1 


0.37 


o, 16 


o.u? 


S.ilft 


o.u? 


0,10 


2^.56 


ft.no 


-- 


1 1 .op 


o.u?. 


|T, 57 


n . 1 a 


n.OS 


0,?1 


?.** 


0.?3 


p. 12 


?1 ,1ft 


IP.no 


— «■ 


1S.QO 


0,09 


IS. IQ 


,07 


n,07 


0,09 


».?i 


, 09 


o.o 


1 7 . 'l 


16,00 


-- 


1 P.PP 


o.os 


9,9g 


0,07 


0.0 2 


0.0 


O.Sh 


n.o? 


o.o? 


10.7? 


?o,oo 


-- 


,k*.QQ 


o,o 


R.6P 


ft.OS 


n,0 


o.o 


1.M 


, 


0,0 


1 ft. PS 



r o 1 1 1 m n s ii m s 



?.?? 7S.V 



1 ,S7 



0.U9 



1 ,M 16.85 



1.60 



0.« t, 



1 On # oO 



RFS'H TANT r H p P P. ki T IS 
i*F A* fURRF NT IS 
MAXIMUM CURRENT IS 
MJNT MUM CURRENT IS 



7.S6 C'VS 
10.78 C M /S 

6 3.98 C"/S 

o.o r " / s 



AT 



dS OFG FROM roHRTH 



TOTAL NO, WFAM»r.c ai?fl 

PF^SISTF^rt TS 0,70 

WF AO[^(,S Tiff FuFRV 10 •- T m 



iF TF • > IIPFPAT] Ol H 



MFTFw i ; P f. P A T fe P AT 

sTAttirn at o.os 
FNDFD AT ?5.S3 



*s t i m pepM mOTTuw in q , a » nr ,. atfk 



6 tm mo^Th 



HPS. 


o> 


1 TH 


PAY 


PF 


MPS, 


on 


^0 Th 


PAY 


OF 



1 97 7 
1 977 



TA^Lf- 1,<?« 





L P f A T T . 


k r> 


,h{ 


: ni 












PFWT 


'0 ; 


.I'M 


77 




A&EA 




• BliWI JNjGTGN fA^'AI 










l.ATTTnnF • 


«1 


17 S^ ' 




L&KF 




: n n. t & 9 t n 












i n ni r; 


ITUOI : 


79 


/J 7 S 1 ^ <l 












FRFQMFK'CV tah l f 




















n I p F r t T n n 


f r o m t n f ; fuhm) 


Ivj nF f, pp FS 












SPfcfOfC 


»/%) 


< S7.50- 


2?.Sft« 


*7.5n. 


1 12.50- 


1 S7.S0- 


202. 'jO* 


2«7,S(»- 


?«*2.mw 












?2.4<J 


b7,<iq 1 


1 P . 'i 9 


1S7,ii9 


2 2 , a 9 


?U7,'io 


?Q?,U9 


^7. /IP 




dm i- <5U M S 




o.ft .. 


ft. 50 


i,^ 


1 ,"H 


o , 1 


n,?o 


,U9 


2.&3 


ft . 1 


0.19 




o.5« 




o.U .- 


?, 


99 


2.20 


1 7.R7 


fl.S* 


<\*3 


1 ,1ft 


<i.PS 


n,S9 


0.^6 




2W.01 




*,oo .- 


r - 


09 


o,62 


lfl.66 


ft. 20 


n, 1 i) 


0,16 


2.07 


ft. 53 


0.10 




1 f* m ?u 




k . n o - . 


p 


'J 9 


*.<?* 


9.9/j 


O.ft} 


1,10 


ft. 07 


1 .ha 


ft.1 J 


0.«3 




1 P. 1 7 




°,oo .. 


1 1 . 


gq 


n, 1 o 


R.fl* 


n.05 


ft.o 


ft. 03 


"ft ,6h 


0,07 


O.o 




9.3^ 




12,00 -- 


1 /i 


QQ 


ft , ft7 


6,0ft, 


ft.n 


0,0 


0.16 


o ,S6 


o s o 


O.ft 




^.79 


1 


iS.no -. 


^ n . 


oo 


n .07 


I a . o o 


ft. ft 3 


o.o 


ft,ft7 


1.7u 


ft. ft 


ft. « 




1 S.91 


1 


rni iimh 


SUMS 


$.*« 


76, ft? 


n.92 


0,6? 


2.36 


1 T.9q 


t.21 


1 ,0H 




r n '„ ft ft 



Rf Sti| T A*jT rn«bf.» T 
"If AM ruPo^T IS 

M J N T MM M r ' ' ^ e h V T [ S 



IS 



7.16 C M /S 

Sft.«5? r M /s 

o.o c * / s 



AT 



/4<i OFG FROM \PRTH 



TOTAL NO, PFA^yvnS 3 49 
PFOSISTFNCE TS n # 7S 
9 F A H I K: f, S TAKFK. F V F 9 V 10 " T N 



" F T F P nPpPATTONS 



mFTFH JPFPATfn AT 



6,1 m FRP" BOTTOM In, q # a v 'IF n ATFP 



STAPTFO AT 0,01 MPS. 0* 1 Tm OiV OF 7 Tw "OMM 1977 
F N F A T 4.0? hPS # 0*" ^ Th P a V F 7 Tw MnvfM 1977 






HANUrf Hi 



■liiV* iU n n't: 






AVvj 
AVU 



Hi 
Hi 



1 



* I wuiiub «ufij 



1U 



• $ a h 

•S oh 



iS'fcc' 

bO'o 



iV UJUN-I 
IV (J J 1 G V i S 



17 (J-UVflJaU rtdli* 



b'.ul IV a Jcju ail i* 



\ 1 ai U k A(HAj i\J^Vl b ?) n I u v d 6 
Ww'u bl 3jNiiSlS«Jd 

t'fcOr? b'J'UvjV J* 'un "iviui 



Mibuu hU«d D'Ju ubc? IV 



b / <N J V " U 

bv r, J 6 b " d Z 

b/^J <?v"u 

b / n J r; S ' u 



b i 1 <\ i a t) 1 1 J n 1 1* 1 N 1 »> 
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